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Pecans (Carya illinoinensis) are rich sources of polyphenolic compounds and
nutrients, which have antioxidant capacity results in favorable reductions in plasma lipids
and lipoproteins. However, the health benefits of pecans may not be limited to blood lipid
changes. There has been very little investigation into the contribution of bioactive
components found in nuts to antioxidant protection. The purposes of the study were 1) to
determine the impact of pecan consumption on concentration of total plasma polyphenols
and their peak concentration over time. 2) to measure the effect of a pecan diet on
postprandial levels of plasma lipid peroxidation and on plasma antioxidant capacity.
Sixteen healthy subjects participated in our randomized 3x3 crossover study. A test meal
of whole pecan, ground pecan or purified olive oil (control) was given to each subject
immediately after a baseline blood draw. Blood specimens were collected thereafter at 1
2-, 3-, 5-, 8-, and 24-h. The study was split into 2 phases, with 8 subjects in each phase.
Results were said to be significant at/?=<0.05 Total polyphenols reached the highest level
at 5-h after the baseline draw for the pecan meal. The ORAC and FRAP assays each
iii

reached their highest level at 2-h (ground pecan,/?=0.001 and whole pecan,/?=0.002).
TEARS decreased the greatest at 8-h (/?=0.013) and oxidized LDL at 3-h (p=0.018). Our
results indicate that antioxidants found in pecans may increase antioxidant capacity and
ability, and therefore decrease oxidative stress. Regular consumption of pecans may
contribute to a reduction in chronic and age-related diseases.
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CHAPTER 1
INTRODUCTION

A. Statement of the Problem
Pecans (Carya illinoinensis) and other tree nuts have been commonly consumed
for centuries; however, only recently has interest in nuts as an important food group been
considered. Studies have indicated several health benefits from incorporating nuts into
the daily diet. Pecans are an important source of healthful dietary lipids, protein,
minerals, and are a rich source of phytochemicals, which are generally found in fruits,
vegetables, nuts, seeds, grains, and legumes (Morgan & Clayshulte, 2000). Research has
shown that selected polyphenols have protective effects on the cardiovascular system, as
well as anticancer, antiviral and antiallergic properties (E. Matuschek, 2002; G. E. Fraser,
Sabate, Beeson, & Strahan, 1992; Hu et al., 1998; Kelly & Sabate, 2006; Kushi et al.,
1996). Polyphenols are a group of chemical substances found in plants, characterized by
the presence of more than one phenol unit or building block per molecule and are derived
from the common intermediate phenylalanine or its closer precusor Shikimic acid,
through the Shikimic pathway in plants (P. C. v. T. Hollman, J.M.; Buysman, M.N.; van
der Gaag, M.S.; Mengelers, M.J.; de Vries, J.H.; Katan, M.B., 1997). Polyphenols are
known to protect plants from photosysthetic stress and reactive oxygen species (Arts &
Hollman, 2005). Based on the exact number of rings present in the entire molecule and
the substituents attached to these rings, polyphenols can be classified into five groups.
These groups include: phenolic acids, flavonoids, stillbenes, lignans and tannins (the
latter three being the least common) (Xiuzhen H, 2007). Good sources of polyphenols
1

include berries, tea, beer, grapes/wine, olive oil, chocolate/cocoa, coffee, pecans, walnuts,
peanuts, pomegranates, yerba mate, and other fruits and vegetables (Arts & Hollman,
2005; Kushi et al., 1996).
Polyphenolics have shown to possess free radical-scavenging and metal-chelating
activity in addition to their reported anticarcinogenic properties. These plant-based,
nonnutrient phytochemicals may have a protective effect on the susceptibility of LDL to
oxidative modification and ultimately, on atherosclerosis (E. Matuschek, 2002). In vivo, it
is unclear whether diet-derived polyphenolics can indeed influence the atherogenic
process, but it is thought that the antioxidant potential of plant foods may be one factor in
reducing cardiovascular risk (E. Matuschek, 2002). In fact, a correlation between nut
consumption and a reduced incidence of ischemic heart disease has been observed, most
notably by the Adventist Health Study, the Iowa Women's Health Study and the Nurses'
Health Study (Sabate & Fraser, 1994; Sabate, Ros, & Salas-Salvado, 2006).
Tree nuts are an important source of beneficial dietary lipids, and a potentially
rich source of phenolic compounds that contribute to antioxidant capacity (E. Haddad,
2006; Torabian, Haddad, Rajaram, Banta, & Sabate, 2009). However, there has been very
little investigation into the contribution of nut polyphenols to antioxidant protection and
reduction in cardiovascular risk. Therefore, this study sought to determine the antioxidant
capacity of pecan polyphenolic compounds in vivo.
Pecan polyphenolics are found in the highest concentration in the pellicle, the thin
tan-brown "skin" that lines the meat of the nut (Gu et al., 2004). The major polyphenols
in pecans are anthocyanins (cyaniding, and anthoxanthine (flavonols, flavones, flavanols,
flavonones and isoflavones). Flavanols exist both in the monomer form (catechin,
2

epicatechin) and in the polymer form (proanthocynidins, also known as condensed
tannins). Total plasma polyphenols, as measured by the Folin-Ciocalteau (FC) assay,
showed that one ounce of pecans contained 20.16 mg/L gallic acid equivalent (GAE) in
one study (Wu et al., 2004). It has been reported that pecans rank highest among all nuts
and are among the top category of foods for total anti-oxidant capacity (TAG) (Xiuzhen
H, 2007). It has been observed that 28.4 g (1 oz) of pecans have 5,095 TAG.
Little is known from human experimental studies about the contribution of
bioactive components from pecans and other nuts to antioxidant protection in the body.
Anderson et al. tested walnut extracts for total antioxidant activity in vitro and reported
that the extracts inhibited plasma and LDL oxidation and reduced thiobarbituric acid
reactive substances (TEARS) (Anderson et al., 2001). Wu et al. applied the oxygen
radical absorbance capacity (ORAC) assay to screen hundreds of plant foods including
many nuts. In the ORAC assay, pecan total antioxidant activity averaged 179.4 micromol
of trolox-equivalent per gram compared to 135.4 micromol of trolox-equivalent per gram
for walnuts (Wu et al., 2004). As of yet, no studies have reported whether the
consumption of pecans influences postprandial antioxidant capacity of plasma and the
other lipid oxidation biomarkers.
B. Purpose of the Study
The primary purpose of this study was to measure the effect of a pecan test meal
on postprandial levels of plasma lipid peroxidations, oxidized LDL, and on biomarkers of
plasma antioxidant capacity. This study also sought to determine the achievable
concentration of pecan flavanols and their peak plasma concentration by monitoring their
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appearance in the bloodstream over time and to identify urinary excretion products of
pecan flavanols.
C. Research Questions
1. After pecan consumption is there any increase in plasma polyphenol
concentration?
2. When is the peak concentration for polyphenols in plasma after consumption
of pecan-containing meal?
3. After nut consumption is there any increase in plasma antioxidant capacity?
D. Significance to Nutrition
Essentially, the increased level of polyphenols in the blood such that of gammatocopherol and other polyphenols present in pecan nuts may lead into many health
benefits. On top of this is the prevention and protection against diseases which are
eventually formed in consequence of oxidative stress. Through scientific studies it was
known that pecan nuts may help prevent stroke by preventing formation of
atherosclerosis which in turn is a consequence of oxidation of low density lipoprotein
(LDL) (Yochum, Folsom, & Kushi, 2000). Hence it has been associated with protective
effects against cardiovascular-related diseases. Another health benefit that may be
derived from pecan nuts may be protection against cancer since polyphenols are
established to prevent oxidation of free radical which may trigger the formation of
cancer. It was known from one study that polyphenols have anti-proliferative effects
against growth of cancer cells in the breast (Damianaki et al., 2000). Another study also
reported that oral cavity-related cancer may as well be prevented by polyphenols
(Sakagami, Oi, & Satoh, 1999). Still some studies assert the importance of polyphenol in
4

achievement of normal brain function since it has been reported that Alzheimer’s disease
may be associated with inadequacy of antioxidants.
Thus with all of these benefits, antioxidants such as polyphenols are important
parts of our diet in order to achieve a healthy systems and will show the postprandial
effects of pecan test meals on in vivo changes in plasma polyphenolic levels, lipid
peroxidation and biomarkers of antioxidant status.

5

CHAPTER 2
REVIEW OF LITERATURE

A. Introduction
Polyphenols are phytochemicals that are largely present in plants and plantderived beverages (Manach, Scalbert, Morand, Remesy, & Jimenez, 2004; Riemersma,
Rice-Evans, Tyrrell, Clifford, & Lean, 2001; Xiuzhen H, 2007). Polyphenols are present
in a variety of plants utilized as important components of both human and animal diets
(Bravo, 1998; K. T. Chung, Wong, Wei, Huang, & Lin, 1998; Crozier et al., 2000). These
include food grains such as sorghum, millet, barley, bry beans, peas, pigeon peas, winged
beans, nuts, and other legumes; fruits such as apple, blackberries, cranberries, grapes,
peaches, pears, plums, raspberries, and strawberries; and vegetables such as cabbage,
celery, onion and parsley also contain a large quantity of polyphenols. Phenolic
compounds are also present in tea and wine. Forages such as crownvetch, lespedeza,
lotus, sainfoin, and trefoil are also reported to contain polyphenolic compounds
(Urquiaga & Leighton, 2000). There is no accurate information available on the dietary
intake of polyphenols because their content in plant foods varies greatly, even among
cultivars of the same species. The presence of polyphenols in plant foods is largely
inflenced by genetic factors and environmental conditions. Other factors, such as
germination, degree of ripping, variety, processing , and storage, also influenced the
content of plant phenolics (Bravo, 1998). In the last decade, there has been a growing
promotion for an increase in fruits and vegetables in the daily diet and this is mainly
based on their preventive effects (Manach et al., 2004; Scalbert, Johnson, & Saltmarsh,
6

2005). Biochemical analyses of specific fruits and vegetables have resulted in the
isolation of polyphenols and further investigations have shown a number of beneficial
effects on different metabolic and anti-oxidative pathways in the human body (Morris et
al., 2002; Zern & Fernandez, 2005). To date, the exact mechanism of action of
polyphenols remains unclear, yet the accumulation of evidence for the positive effects of
these compounds continues (Soobrattee, Bahorun, Neergheen, Googoolye, & Aruoma,
2008; Soobrattee, Neergheen, Luximon-Ramma, Aruoma, & Bahorun, 2005; Urquiaga &
Leighton, 2000). The term polyphenol pertains to a collection of compounds that are
specific to a plant or plant product. For example, polyphenols present in green tea are
catechins (Arts, van de Putte, & Hollman, 2000). On the other hand, the polyphenols
present in berries, grapes and raisins are anthocyanins, flavonols and phenolic acids
(Decorde, Teissedre, Auger, Cristol, & Rouanet, 2008; Mattila, Hellstrom, & Torronen,
2006; Soobrattee et al., 2005; Stohr & Herrmann, 1975). It has been observed that the
consumption of a variety of fruits, vegetables and beverages containing polyphenols
result in a significant improvement of physiological functions of the body, including
cardiovascular protection, anti-oxidative repair and regulation of lipoprotein levels
(Erlund et al., 2008; Knekt et al., 2002; Zern & Fernandez, 2005). Unfortunately, there
are only a limited number of reports that describe the manner of absorption and the
accumulation of polyphenols in the human body (Henning et al., 2004; Xiuzhen H,
2007).
B. Classification and Distribution of Polyphenols
Polyphenols are plant-derived chemicals that are characteristically structured as
aromatic phenol rings that are coupled to hydroxyl functional groups. Polyphenols are
7

currently classified into five major groups (phenolic acids, flavonoids, lignans, stillbenes,
and tannins, based on the exact number of rings present in the entire molecule, as well as
the identity of the substituents that are attached to these rings (Jeremy P.E. Spencer,
2008). Most of the major classes of plant polyphenol are listed in Figure 1, according to
the number of carbon atoms of the basic skeleton. The structure of natural polyphenols
varies from simple molecules, such as phenolic acids, to highly polymerized compounds,
such as condensed tannin (Harborne & Williams, 2000; Jeremy P.E. Spencer, 2008).
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Figure 1. Classification and Chemical Structure of Major Classes of Dietary Polyphenols
(Jeremy P.E. Spencer, 2008).
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1. Flavonoids
The flavonoids are structurally characterized by two benzene molecules
and a string of diphenyl propanes. The two rings, namely A and B, are interconnected
through a propane molecule that forms a pyran structure depicted as ring C that is
attached to a benzene molecule (Henning et al., 2004; Keli, Hertog, Feskens, &
Kromhout, 1996). The flavonoid group is composed of six classes, which are further
classified according to the state of oxidation of the middle pyran structure. The classes
include the flavonols, anthocyanidins, flavones, flavanol, isoflavones and the flavanones
(Halliwell, Rafter, & Jenner, 2005). There are approximately 4000 specific flavonoids
have currently been isolated from different plant species and more isolates are being
process for analysis (Harborne & Williams, 2000). The huge number of flavonoids is
mostly due to the ease in altering the substituents of these phytochemicals, especially the
hydroxyl molecules, and a single substitution may generate a totally different polyphenol
(Harborne & Williams, 2000). Other modifications of the polyphenol substructure may
include glycosylation and acylation, which in turn generated complex molecules
(Scalbert et al., 2005).
Flavonols pertain to unsaturated polyphenols that harbor a double bond between
the second and third carbons, as well as a hydroxyl substituent in the third carbon.
Flavonols are present in almost every kind of food and the most abundant being quercetin
(Henning et al., 2004). Flavonols are mainly present in onions, as well as the green
vegetables sucsh as broccoli and leek (Manach et al., 2004). Among fruits, the
blueberries have been identified as a major source of flavonols (Knekt, Jarvinen,
Reunanen, & Maatela, 1996; Manach et al., 2004; Mattila et al., 2006; Riemersma et al.,
9

2001; Xiuzhen H, 2007). It has been estimated that approximately 45 milligrams of
flavonol is present in a liter of red wine (Arts & Hollman, 2005). The same amount of
flavonol has also been reported to be present in tea. Flavonols are produced by plants in
the present of light hence the exposed external regions of fruits such as the skin and the
immediate underlying regions are known to be rich sources of the phytochemicals
(Cortell & Kennedy, 2006).
Flavones have the same feature as flavonols of having a double bond between the
second and third carbon atom, yet these polyphenols are less abundant in nature (Plumb,
Price, Rhodes, & Williamson, 1997; Plumb, Price, & Williamson, 1999). This class of
flavonoids is known to be present in only a few plant sources, namely celery and parsley
(Kris-Etherton & Keen, 2002; Spaak et al., 2008). Among fruits, the mandarin has been
observed to contain high amounts of flavones (Leuzzi, Caristi, Panzera, & Licandro,
2000). Flavanones, on the other hand, are saturated carbon molecules that carry an
oxygen atom at the fourth carbon. These phytochemicals are commonly glycosylated at
the C7 position by a disaccharide (Bovicelli et al., 2007). Flavanones are highly
abundant in fruits that are classified as citrus such as oranges, lemons and grapefruit, as
well as other fruits of the tomato variety (Leuzzi et al., 2000). Other plant species that
have the aromatic characteristic, such as the mint plant, have also been reported to be rich
sources of flavanones (Erlund, Meririnne, Alfthan, & Aro, 2001; Felgines et al., 2000;
Frei & Higdon, 2003). Each fruit contains a specific flavanone, such as naringenin, which
is uniquely derived from grapefruit (Harborne & Williams, 2000). On the other hand, the
flavanone hesperetin is present in oranges, while flavanone eriodictyol is contained in
lemons. It has been reported that a liter of orange juice provides approximately 500 to
10

700 milligrams of hesperidin and 20 to 90 milligrams of narirutin (Leuzzi et al., 2000).
The spongy parts of these fruits, as well as the membranes situated between segments, are
known to have high amounts of flavanones and thus consumption of the entire fruit
provides five times the benefit of drinking orange juice.
The isoflavones are similar to the estrogens in structure, wherein the fourth and
seventh carbon positions are hydroxylated (Boersma et al., 2001; D. Martin, Song, Mark,
& Eyster, 2008). Due to this striking similarity, these flavonoids can thus interact with
receptors that are specific to estrogen, rendering these to be also classified as
phytoestrogens (Scalbert & Williamson, 2000). Isoflavones can be mainly found in
leguminous species of plants, as well as soya products (Cortell & Kennedy, 2006;
Xiuzhen H, 2007). These phytoestrogens are characterized by the presence of aglycones
or modified conjugates that contain a glucose molecule (Boersma et al., 2001;
D'Alessandro et al., 2003; Gamache & Acworth, 1998; Penttinen et al., 2007; Williamson
& Manach, 2005). The prime examples of phytoestrogens are genistein, as well as
daidzein. It has been estimated that soybeans can provide at least 140 to 1500 milligrams
of isoflavones in every kilogram (He, Nowson, & MacGregor, 2006; P. C. v. T. Hollman,
J.M.; Buysman, M.N.; van der Gaag, M.S.; Mengelers, M.J.; de Vries, J.H.; Katan, M.B.,
1997; Xiuzhen H, 2007). On the other hand, soymilk may provide around 130
milligrams of isoflavone in each liter (Eisen, Ungar, & Shimoni, 2003). Isoflavones are
easily destructed by high temperatures and can also be modified into glycosides through
hydrolysis (Y. Hong, Wang, Huang, Cheng, & Lin, 2008). This process has resulted in
the significant decrease in the content of isoflavones in soymilk (Hall et al., 2008; Y.
Hong et al., 2008).
11

Anthocyanins are pigment flavonoids that provide color to most edible plant
species (Luximon-Ramma, Bahorun, Soobrattee, & Aruoma, 2002; Scalbert &
Williamson, 2000). These pigments are soluble in water and thus heating of these
vegetables and plants result in a change in their color. Anthocyanins generally occur in
the form of glycosides, carrying a sugar residue that is connected to the third carbon
position (Scalbert & Williamson, 2000; Veitch & Grayer, 2008). In other cases, the sugar
moiety is attached to the fifth or seventh carbon position (Garcia-Alonso, Minihane,
Rimbach, Rivas-Gonzalo, & de Pascual-Teresa, 2008; Mulinacci et al., 2008; Rahman,
Ichiyanagi, Komiyama, Sato, & Konishi, 2008; Tsoyi et al., 2008; Veitch & Grayer,
2008). Furthermore, the sugar residue is acylated by various aliphathic substituents, such
as cinnamic acid (Veitch & Grayer, 2008). These particular flavonoids are highly
abundant for human consumption because these are present in fruits, cereals, beans and
even red wine. It has been observed that anthocyanins are more abundant in plants that
show intense colors, such as currants and berries (Hamauzu, Inno, Kume, Irie, &
Hiramatsu, 2006; Plumb et al., 1997). Anthocyanins are specifically located in the skin
of fruits, although they also are present in the fleshy parts of fruits (Abd El-Mohsen et al.,
2006; Jeremy P.E. Spencer, 2008; Luximon-Ramma et al., 2002; Mayne, 2003; MerschSundermann et al., 2006).
Flavanols are flavonoids that have a hydroxyl substituent in the third carbon
position of the propane backbone. These flavonols may occur as monomers such as
catechins, or as polymers like proanthocyanidins (Arts et al., 2000; Carando & Teissedre,
1999; Henning et al., 2004; Tabassum, Parvez, Rehman, Banerjee, & Raisuddin, 2007).
Flavanols are uniquely unglycosylated and are mainly found in fruits such as apricots and
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cherries and in tea beverages (Arts & Hollman, 2005; Arts et al., 2000; Elaine B.
Feldman, 2002). The main flavanols present in fruits are the catechins as well as the
epicatechins. On the other hand, epigallocatechin gallate is the main flavanol that is
present in tea. The polymerization of catechins results in proanthocyanidins, which are
also called tannins. These polymeric catechins are characterized by a wide range of
molecular weights and are specifically known for their astringent action (Y. L. a. L. Lin,
J.K. , 1997; Mai & Chuyen, 2007; Nagai et al., 2002). This feature is observed in the
unique taste of beer and wine, as well as the bitter taste of pure chocolate (Keli et al.,
1996; O'Byrne, Devaraj, Grundy, & Jialal, 2002; Spaak et al., 2008).
2. Phenolic Acids
The phenolic acid compounds are chemically classified into two types
based on the derivatives (Scalbert & Williamson, 2000). Hydroxybenzoic acids are
phenolic acids that are present in very few edible plant species (Asami, Hong, Barrett, &
Mitchell, 2003; Biesaga, Ochnik, & Pyrzynska, 2007). These compounds are present in
very low quantities in most plants, yet are highly abundant in red-colored fruits such as
blackberries. Gallic acid, an example of hydroxybenzoic acid, is present in huge
quantities in tea (Arts et al., 2000). Another hydroxybenzoic acid, protocatechnic acid, is
found in raspberries (Miyajima, Kikuzaki, Hisamoto, & Nikatani, 2004; Montoro et al.,
2006; Palomino, Gomez-Serranillos, Slowing, Carretero, & Villar, 2000). The
anthocyanin may be metabolized to produce cyanidin-3-glucoside, which is may be
detected in both human serum, as well as feces, after the consumption of cyanidins
containing food (Manach et al., 2004).
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Another example of phenolic acids is hydrocinnamic acid, which is rarely
encountered as a free compound. In cases where hydrocinnamic acid is conjugated, this
compound is bound to glucose moieties, resulting in tartaric acid. Caffeic acid, on the
other, is conjugated to quinic acid to generated chlorogenic acid, which is present in
coffee (M. J. Chung, Walker, & Hogstrand, 2006; Kang et al., 2009). Caffeic acid is
considered as the prime phenolic acid present in fruits such as kiwi (Mattila et al., 2006).
Hydroxycynnamic acid can be derived from any part of the fruit, although the outer
portions are known to have higher content than the inner portions. The concentration of
hydroxycynnamic acid decreases as the fruit reaches its fully ripened stage, while the
concentration increases as the fruit grows bigger in size (Fiuza et al., 2004; Morreel et al.,
2004; Rechner, Pannala, & Rice-Evans, 2001). The phenolic acid present in cereals such
as wheat is ferulic acid (E. Matuschek, 2002; Sakagami et al., 1999; Sato et al., 1989).
3. Phenolic Alcohols
Extra virgin olive oil is known to be a good source of phenolic alcohols,
namely tyrosol and hydroxytyrosol (Bond, Fields, Leger, & Doto, 1979; Machowetz et
al., 2007; Trindade et al., 2005). Tyrosol is chemically known as 4hydroxyphenylethanol and is also present in both red and white wines, as well as beer.
Hydroxytyrosol, also called 3,4-dihydroxyphenylethanol, is found in red wine(Fuhrman,
Lavy, & Aviram, 1995; C. S. Yang et al., 1999). There is still a need to further
characterize the abundance of phenolic alcohol in extra virgin olive oil and the difficulty
may be due to the incredibly low amounts of these polyphenols in its natural state. Due
to this feature, it is even more difficult to trace these compounds in specific physiological
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processes of the human body (Frankel, Kanner, German, Parks, & Kinsella, 1993;
Gorelik, Ligumsky, Kohen, & Kanner, 2008a).
4. Stilbenes
The stilbenes are polyphenols that are produced by plants that are exposed
to stressful conditions such as infection by microbial pathogens or environmental insults
(Scalbert & Williamson, 2000; Xiuzhen H, 2007). There are currently around 70 plants
species that have been documented to contain stilbenes, including grapes, as well as
berries (Rimando & Suh, 2008). Peanuts have also been determined to contain stilbenes.
Resveratrol, the stilbene in red grapes, is particularly abundant in the skin of the fruit
(Benova, Adam, Onderkova, Kralovsky, & Krajicek, 2008). This portion is generally
included in the processing of grape juices and wines and thus drinking these preparations
are a good source of polyphenols (Scalbert et al., 2005; Singleton, 1999).
5. Lignans
The polyphenol class of lignans is generated from the process of oxidation
and the subsequent polymerization of two units of the molecule
phenylpropane(Dellagreca et al., 2008; Saleem, Kim, Ali, & Lee, 2005). The lignans are
generally abundant in its natural form. On the other hand, the glycosylated forms of
lignans are only found in small amounts. Lignans are mainly found in linseed, of which
carry the specific polyphenol secoisolariciresinol (Dellagreca et al., 2008). The natural
flora in the intestines of the human body are responsible in converting lignans into
enterodiol, as well as enterolactone (Saleem et al., 2005). The plasma levels of lignans
do not proportionately correspond to the amount of lignan-rich foods that are consumed
hence this observation indicates that there are other plant sources that have yet left to be
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identified as additional sources of lignans (Saarinen, Power, Chen, & Thompson, 2008).
This particular class of polyphenols has been a topic of interest in research because it has
shown promising results in cancer therapeutics and pharmacological treatments (Saleem
et ah, 2005; Xiuzhen H, 2007).
C. Polyphenol Content in Processed Foods
It is a common activity that specific foods are processed for storage and
distribution to different areas around the country and the rest of the world (Chukwumah,
Walker, Vogler, & Verghese, 2007; Yadav & Sehgal, 2002). It is therefore expected that
some changes may occur in processed and packaged food items (Scalbert et ah, 2000;
Scalbert & Williamson, 2000; Xiuzhen H, 2007). It is also possible that the chemical
components of a particular food item will be altered as it progresses through the cooking
and other packaging equipment. The activities involving in food processing may thus
account for the net amount of polyphenols that are present in the food item or beverage
(Decorde et ah, 2008; E. Matuschek, 2002). In a comparative study performed by Arts et
al. (2000) (Arts et ah, 2000), the total content of the polyphenol catechin was determined
among different plant items in both fresh, as well as processed forms. The report
described that processed foods, which is defined as the plants that have been prepared in
the kitchen, lost around 30 to 50% of their polyphenol content (Scalbert & Williamson,
2000). The amount of polyphenols in canned fruits and vegetables even contained even
lesser amounts of polyphenols than what has been reported in kitchen preparations
(Asami et ah, 2003).
The alterations in the polyphenolic content in plant foods are usually based on the
specific extraction procedures that are employed for each food item. For example, the
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preparation of beverages such as the fruit juices involves the peeling and removal of
seeds from the fruit itself (Garcia-Casal, Ramirez, Leets, Pereira, & Quiroga, 2009;
Lamien-Meda et ah, 2008). The extraction of these specific fruits parts plays a major role
in decreasing the total amount of polyphenols in processed foods because the skin of
grapes are known to be richest in polyphenols (Jeremy P.E. Spencer, 2008; Plumb et ah,
1999). Grape juice thus mainly contains phenolic acids that are derived from the fleshy
part of the fruit, while the polyphenols such as flavonols and anthocyanins present in the
skin are discarded during processing (Singleton, 1999; Urquiaga & Leighton, 2000). On
the other hand, white grapes are also processed as fruit juices and thus the same
procedure of extracting the skin and seeds play a major role in the loss of large amounts
of polyphenols (Decorde et ah, 2008). The fleshy part of the white grapes only contains
hydroxycinnamic acid and this is what can be detected in chromatographic assays
performed on fruit beverages (O'Byrne et ah, 2002).
Each type of polyphenol dilutes at its own specific rate during food processing.
For example, the polyphenol anthocyannin has a greater ability to dilete than the other
group of polyphenols known as the proanthocyanidins (Gu et ah, 2004). The rate of
dilution of polyphenols is generally influenced by the molecular weight of the entire
molecule. For example, the molecular weight of tannins is usually high and thus their
ability to dilute is slower than other lower molecular weight polyphenols. It has also
been observed that the duration of maceration of a fruit results in the increase in
polyphenol yield during food processing (Alonso Borbalan, Zorro, Guillen, & Barroso,
2003; Anesini, Ferraro, & Filip, 2008; Dicko et ah, 2002). The employment of a solvent
or media in which the fruits are macerated may also help in collecting and solubilizing
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the phytochemicals that are contained within the tissues of the fruit (Heimler, Isolani,
Vignolini, Tombelli, & Romani, 2007; Pellegrini et al., 2000; Sheen & Calvert, 1969).
Several reactions take place when a certain plant or vegetable is processed for
canning or even for the simple preparation of a meal in the home. One of the most
critical reaction is the oxidation through the action of enzymes, which is initiated when
the cell membrane of the plant cells are destroyed. The enzymes involved in these
biochemical reactions include the esterases, as well as the decarboxylases and
glycosidases (Nagai et al., 2002). These enzymes are secreted in plant cells, but these
proteins are contained in vacuoles and thus are prevented from attacking the rest of the
regions of the cell. However, the destruction of the cell membrane through mechanical
means such as cutting, chopping and shredding may result in the release of these enzymes
from the vacuoles. It is a common sight to see plant parts that change color from green to
brown once these are cut up or chopped (King & Young, 1999; Neergheen, Soobrattee,
Bahorun, & Aruoma, 2006). The brown coloration of these plants is mainly due to the
oxidation that has been caused by the release of the proteases from the cells. There are
specific plants items or derivatives that are known to be brown in color and this condition
is acceptable for only these items (Gruendel, Garcia et al., 2006; Scalbert & Williamson,
2000). These include the plant-derived beverages tea and cocoa, as well as the processed
fruits such as prunes and raisins (Manach et al., 2004).
In the case of black tea, which is known to carry high amount of polyphenols, this
items is comprised of 30% polyphenols (Kivits, 1997; Xiuzhen H, 2007). The processing
of the tea leaves for distribution and sales thus involves cutting the leaves, which in turn
releases enzymes that would oxidize the leaves. The specific protease is
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polyphenoloxidase, which acts on the tea polyphenol compounds to generate quinines
(Henning et al., 2004; J. Hong, Smith, Ho, August, & Yang, 2001; G. Y. Yang et al.,
2000). The conversion of the flavonols in the leaves of the tea plant thus generate ofther
products, such as thearubigins, as well as theaflavins, which are the main factors that
make the tea beverage dark in color. Black tea also contains bisflavanols, as well as
theaflavic acids (Deprez et al., 2000).
The processing and aging of wine is also associated with several chemical
reactions that change the polyphenol content of this beverage (Garcia-Alonso et al., 2008;
Wang, Lee, Chan, Chen, & Leung, 2006). The reactions employed in the preparation of
wine are unique and these are responsible in generating the particular taste and coloration
of each type of wine (Fuhrman et al., 1995; Rechner et al., 2001; Scalbert et al.; Scalbert
et al.; Scalbert & Williamson; Wang et al., 2006). Approximately half of the polyphenols
present in wine are comprised of anthocyanins and flavanols, as well as hydroxycinnamic
acids (Bai, Reilly, & Wood, 2006; Ndiaye, Chataigneau, Lobysheva, Chataigneau, &
Schini-Kerth, 2005). The rest of the polyphenolic content of wine is still yet to be
characterized. The anthocyannins are responsible for giving the red color in wine and
these phytochemical are generally coupled with tannins (Singleton, 1999).
D. Absorption and Metabolism of Polyphenols in the Human Body
In order to better appreciate the positive benefits of polyphenols in the human
body, it is important to determine the distribution of these compounds in specific body
(Scalbert & Williamson, 2000). More importantly, it is essential that the different
processes that polyphenols undergo upon consumption of edible plants be described. The
processes include absorption, as well as the bioavailability or the fate, action and
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excretion of these phytochemicals within the human body (Foley & White, 2002; Jeremy
P.E. Spencer, 2008; King & Young, 1999). The bioavailability and action of each
polyphenol may be different from another and this is mainly due to the unique active
structures that make up the polyphenol compound (Jeremy P.E. Spencer, 2008). Several
research investigations have been launched in order to determine the exact mechanism of
action of each polyphenol, as well as the pathways that these compounds go through
within the human body (Urquiaga & Leighton, 2000). Such efforts are essential in
determining the effects of these compounds to specific physiological pathways (Cortell &
Kennedy, 2006; Jeremy P.E. Spencer, 2008).
1. Bioavailability and Conjugation of Polyphenols
The term bioavailability pertains to the amount of a particular compound
that is processed within the human body, including digestions, absorption and
metabolism (D'Archivio et al., 2007; Xiuzhen H, 2007). In addition, the amount of a
compound in a particular food is also important to determine because it allows the analyst
to estimate the amount of food that has to be consumed in order to reach the optimal dose
that the body will need to attain its dietary effects phenolic (Gladine, Rock, Morand,
Bauchart, & Durand, 2007; Singh, Arseneault, Sanderson, Murthy, & Ramassamy, 2008;
Williamson & Manach, 2005). Biochemical efforts have established that polyphenols are
mainly absorbed in the small intestines, yet there are specific polyphenols that are not
readily assimilated due to its natural configuration of being in a polymerized state. Such
setting thus needs an initial process that allows the initial modifications that would
generate simpler forms of these phytochemicals (Manach, Williamson, Morand, Scalbert,
& Remesy, 2005; Scholz & Williamson, 2007; Silberberg, Morand et al., 2006) Figure 2.
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The initial process that polyphenols undergo is hydrolysis or cleavage of the
compound by enzymes secreted by the intestinal lining. [The natural microbes living in
the large intestines may also be responsible in hydrolyzing polyphenols] (Kris-Etherton,
Zhao, Binkoski, Coval, & Etherton, 2001; Manach et ah, 2004; Manach et ah, 2005)).
Once the polyphenols are modified into smaller components, these are conjugated with
other molecular substituents such as methyl, sulfate or glucoronidate groups. Each
modification thus results in a different compound that may be traced in circulation around
the human body.
Analytical efforts on determining the bioavailability of polyphenol conjugates are
performed to determine which specific type of phytochemicals are easily absorbed by the
body, as well as to identify specific metabolites that are active upon consumption
(Gladine et ah, 2007; Singh et ah, 2008; Williamson & Manach, 2005). It is also
important to determine which specific polyphenols generate particular metabolites that
play major roles in different processes in the body (Cermak, 2008). Chemical analysis
has shown that the chemical configuration of polyphenols strongly influences the rate of
absorption of these chemicals through the intestinal lining (Arts & Hollman, 2005;
D'Archivio et ah, 2007). In addition, the structure of polyphenols also affects the degree
of absorption of polyphenols into the tissues (D'Archivio et ah, 2007). It has been
determined that the concentration of polyphenols may influence the rate of absorption of
polyphenols to a lesser extent. An interesting observation is that the most abundant
polyphenols do not automatically mean that these compounds generate the highest
amounts of active metabolites in the human body, but the actual chemical configuration
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provides the greatest influence on its availability and bioabsorption (Scalbert &
Williamson, 2000).
The evidences of the bioabsorption of polyphenols through the intestinal lining is
the increase in plasma polyphenol levels after the consumption of phytochemical-rich
food (Arts & Hollman, 2005; D'Archivio et al., 2007; Scalbert & Williamson, 2000). A
more direct approach to monitoring polyphenol absorption is to introduce a known
amount of polyphenol to a human subject and directly measuring the levels of
polyphenols in the plasma and urine after its consumption (Arts & Hollman, 2005).
These studies describe that different plant sources have varying amount of polyphenols
(D'Archivio et al., 2007; Sakagami et al., 1999). In addition, there are also individual
differences in the rate of absorption of polyphenols, regardless of the same amount of
phytochemicals that was consumed.
Polyphenol absorption also occurs in the large intestine by natural bacteria in their
intestines, resulting in varying rates in metabolism of food (Manach et al., 2005; Torabian
et al., 2009). Metabolite research is thus an important field of research because it
generates information that will lead to a better understanding of pathways that
metabolites undergo. One prime example is enterodiol, which is a metabolite that is
generated by natural bacteria that live in the large intestines. Enterodiol carries
phytoestrogenic features that are similar, yet more effective than isoflavones and thus the
effects of this particular polyphenol may not be observed due to the masking effect of
enterodiol (D'Archivio et al., 2007). The polyphenol quercetin has been comprehensively
investigated in terms of its metabolism in the human body. This particular flavonol
hybridizes to metabolites in the intestines and can subsequently be detected in both the
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plasma and the urine samples of individuals that consumed quercetin-rich foods (Arts &
Hollman, 2005; D'Archivio et al., 2007; Jeremy P.E. Spencer, 2008; Scalbert &
Williamson, 2000).
2. Absorption of Polyphenols in the Intestines
Most of the polyphenol glycosides that reach the gastric area of the human
body is resistant to hydrolysis by the natural acids that are secreted by the stomach lining
(Arts & Hollman, 2005; Scalbert & Williamson, 2000; Torabian et al., 2009{Jeremy P.E.
Spencer, 2008 #220). It is thus normal for the glycosides to be transmitted to the
intestinal region in the same intact configuration. Only a few types of polyphenols are
quickly absorbed by the interstinal lining and these include the quercetins, as well as the
simple aglycones. On the other hand, anthocyanins are assimilated early on, while the
food is still in the stomach (Arts & Hollman, 2005; Jeremy P.E. Spencer, 2008; Scalbert
& Williamson, 2000).
The majority of polyphenols in edible plants exist in the form of esters or
dimerized glycosides. These molecules are quite large and thus assimilation through the
intestinal lining is not possible unless these units are modified into smaller compounds
(D'Archivio et al., 2007; Moskaug, Carlsen, Myhrstad, & Blomhoff, 2005). The
intestinal lining has the capacity to secrete enzymes such as J3-glucosidase and hydrolase,
which could split polyphenols into smaller units and facilitate their absoption. Smaller
polyphenols such as quercetin and genistein are as glycosides and their glycosidic forms
could be traced in the plasma, as well as in the urine. On the other hand, the alglycone
form of anthocyanins could be detected in its pure form in both plasma and urine. It is
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also possible to detect anthocyanins in plasma are glucuronides, as well as sulfates
(Felgines et al., 2000; Jeremy P.E. Spencer, 2008; Miyajima et al., 2004).
The addition of glucose moieties to resveratrol protects the polyphenols from
degradation and thus these phytochemicals are stable in its pure form. This condition
also allows absorption through the interstinal lining. It should thus be understood that
only particular types of polyphenols need modification in order to be assimilated into the
body (Piskula, 2000). Quercetin can only be absorbed into the intestinal tract if it is
conjugated with glucose residues. The pathway specifically involves entry of the
glucoside into enterocytes through the help of a glucose transporter protein. This
facilitated transport requires sodium to drive the glucoside against a concentration
gradient that exists along the intestinal lining (Constabel, Bergey, & Ryan, 1995;
Tachibana, 2008). Upon entry into an intestinal cell, the glucoside is acted upon by the
enzyme p-glucosidase, which cleaves the glucosidase into smaller components (Guo, Lu,
Subramanian, & Sonenshein, 2006; Hou et al., 2007).
In the case of proanthocyanidins, additional modification processes are necessary
in order to generate smaller units of the polyphenol. Proanthocyanidins are inherently
polymeric, thus conferring a bigger size as well as a high density (Deprez et al., 2000).
These polyphenol precursors are often found to exist as oligomers hence these are more
complex to transport across the plasma membrane (D'Archivio et al., 2007; Xiuzhen H,
2007). Proanthocyanidins (PA) polymers greater than trimers are not absorbed directly.
There is some evidence that PAs depolymerize in the acidic environment of the stomach.
The extent of this breakdown is not clear. Once inside the intestinal cell, metabolic
conversion of flavanols occurs and this is mostly glucoronidation and sulfation. In the
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large intestine bacteria that are capable of hydrolyzing the polyphenols into smaller units
and metabolites that may be absorbed into the cells (Carando & Teissedre, 1999;
Tabassum et al., 2007).
3. Conjugation of Polyphenols and Transport Through the Plasma
When a polyphenol molecule enters an intestinal cell, this molecule is
further modified by the process of conjugation, which pertains to the attachment of a
substituent to the natural compound (Arts & Hollman, 2005; Arts et al., 2000; Carando &
Teissedre, 1999; Kay, 2006; Pulido, Bravo, & Saura-Calixto, 2000; Silberberg, Morand
et al., 2006). The substituent group may be a methyl, sulfate or glucuronidate molecule,
which in turn allows detoxication of the metabolite. This mechanism prevents the pure
form of polyphenol to act as it is and through conjugation, renders a stable and safer
compound that could be used by the body for essential physiological processes (Arts &
Hollman, 2005; Hou et al., 2007; Singh et al., 2008). Detoxication is also employed for
xenobiotics, which are compounds that are secreted by one organism and are taken up by
another in order to immobilize their prey (Cortell & Kennedy, 2006; Guo et al., 2006).
The conjugation of a methyl group to a polyphenol is facilitated by the enzyme
catechol-O-methyl transferase, which obtain its substituent from S-adenosyl-Lmethionine. This reaction often occurs among polyphenols such as quercetin and
catechins, as well as caffeic acid (Tada et al., 2002; Williamson & Manach, 2005). The
actual point of conjugation is at the third carbon atom of the polyphenol structure. It is
also possible for methyl conjugation to occur at the fourth carbon position, as exemplified
by the circulation of 4’-methylepigallocatechin in the plasma of individuals who have
consumed tea. The production of the catechol-O-methyl transferase enzyme mainly
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occurs in the cells of the liver or hepatocytes, as well as the kidneys (Jeremy P.E.
Spencer, 2008; Xiuzhen H, 2007; C. S. Yang, Prabhu, & Landau, 2001).
Another enzyme for conjugation of polyphenols is sulfotransferase, which is
particularly responsible for attaching a sulfate group to the polyphenol structure
(Constabel et al., 1995; Xiuzhen H, 2007). The sulfate substituent is derived from 3’phosphoadenosine-5’-phosphosulfate and this is transferred to a hydroxyl substituent that
is commonly present in the polyphenol structure. This particular reaction generally takes
place in the liver (D'Archivio et al., 2007; Piskula, 2000; Scholz & Williamson, 2007).
An additional enzyme involved with conjugation of polyphenols is UDPglucuronosyltransferase, which is an integral protein that is situated in the endoplasmic
reticulum of different types of tissues (D'Archivio et al., 2007; Halliwell et al., 2005;
Silberberg, Morand et al., 2006). This enzyme is responsible in transferring glucuronic
acid to both polyphenols and steroids. The main sites for this enzymatic reaction are the
liver and the intestines and the main target site for conjugation is similar to the methyl
transferase enzyme, which targets the C3 position of the polyphenol structure
(D'Archivio et al., 2007; Piskula, 2000; Scholz & Williamson, 2007).
Once conjugation of the polyphenol compound is completed, these metabolites
progress through the human body through the circulatory system (Manach et al., 2004;
Mattila et al., 2006). The main feature that allows polyphenols to circulate throughout
the body is that they bind to albumin, which is the main protein present in the blood. The
strength of binding of polyphenols varies and this is mainly dependent on the chemical
structure of the polyphenol. In addition, the degree of binding of a polyphenol to
albumin may also influence the time it takes for the body to clear itself of the circulating
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metabolite, as well as the duration for cells to receive this particular metabolite after
consumption of a polyphenol-rich food or beverage (Moskaug et ah, 2005; Piskula,
2000).
It has been determined that the chemical nature of each type of polyphenol
influences its plasma concentration after ingesting or drinking a polyphenol-rich food or
beverage (Scalbert & Williamson, 2000). Several investigations on the bioavailability of
polyphenols among human subjects have been conducted and these have shown that the
plasma concentration of polyphenols can only be maintained at a high level if ingestion is
performed repeatedly over a length of time (Jeremy P.E. Spencer, 2008; Xiuzhen H,
2007; C. S. Yang et ah, 2001). It has been estimated that the highest concentration of
plasma polyphenols is generally achieved at approximately 2 hours after a meal.
However, it should be noted that the particular polyphenols that were screened in this
investigation were of small chemical configurations and these compounds usually do not
need to undergo modification and can easily pass through the plasma membrane of the
interstinal cells (Helmja, Vaher, Pussa, & Kaljurand, 2009; Urquiaga & Leighton, 2000).
4. Excretion of Polyphenols
The removal of polyphenols from the human body generally involves
urine and bile (Manach et ah, 2005; C. S. Yang et ah, 1998). In the case of heavily
conjugated metabolites, the main excretory mechanism employed by these
phytochemicals is the bile because this liver secretion contains salts that may facilitate in
the hydrolysis of chemical substituents that were earlier attached to the polyphenol
structure (Manach et ah, 2004; Sfakianos, Coward, Kirk, & Barnes, 1997). The smaller
metabolites are usually excreted through the urine. It has been established that the
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amount of polyphenols that are excreted through the urine is roughly proportional to the
maximum amount of polyphenols that are observed to be circulating in the plasma (P. C.
Hollman et ah, 1996; Scalbert & Williamson, 2000; Soobrattee et ah, 2005).
Approximately 30% of the plasma flavanones are excreted through the urine, while
around 60% of the isoflavones detected in the plasma are excreted through the same
system. Each type of polyphenol has a different level of excretion from the human body
and this is mainly due to the chemical nature of each class of polyphenol (Halliwell B,
2000). It is also possible that there are still a number of polyphenols that are left
unidentified and thus this unknown phytochemicals may fill in the gaps with regards to
the discrepancies in the amount of metabolites that are excreted by the human body (Arts
& Hollman, 2005; Y. Chen, Zhao, Jia, & Hu, 2008). Another factor that should always
be considered is that there are particular polyphenols that are highly unstable and thus a
small change in the temperature or acidity of its environment may degrade the entire
phytochemical compound, rendering it undetectable using the current biochemical tests
(Kim et al., 2001; Manach et al., 2005; Williamson & Manach, 2005).
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Figure 2. The Possible Routes of Ingested Polyphenols after Absorption in Human Body
(adopted from Scalbert and Williamson, 2000).

E. The Biological Effects of Polyphenols
Polyphenols have been determined to impart positive biological effects on the
human body. Several biochemical, as well as clinical, trials have been conducted to
determine the exact mechanisms by which each specific polyphenol takes effect (D. Chen
et al., 2008; Kroon et al., 2004; Murakami et al., 1991).
Oxidative stress is considered to play a pivotal role in the pathogenesis of aging
and several degenerative diseases, such as atherosclerosis, cardiovascular disease, type II
diabetes and cancer (Becker, 2004; Gutteridge, 1993; Gutteridge & Quinlan, 1993;
Kehrer, 1993). In order to cope with an excess of free radicals produced upon oxidative
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stress, human have developed endogenous and exogenous mechanisms in order to
maintain redox homeostasis. Among these, dietary polyphenols have been largely studies
for their strong antioxidant capacities and other properties by which cell activities are
regulated (Figure 3 ) (Xiuzhen H, 2007)
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Figure 3. Bioactivities of Dietary Polyphenols
1. Polyph enols as A ntioxidants
Polyphenols act as antioxidants, which are metabolites that hunt for free
radicals that may damages cells and tissues (Foley & White, 2002; Xiuzhen H, 2007).
Free radicals are highly charged molecular intermediates of several chemical reactions
and its uncontrolled and widespread presence in the body may eventually result in a
condition known as oxidative stress (Scalbert et al., 2005; Urquiaga & Leighton, 2000).
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This condition involves the imbalance between the production of reactive oxygen and the
body’s ability to repair any damages caused by oxygen free radicals (Anesini et al., 2008;
D'Archivio et al., 2007). This imbalance is highly toxic to the human body and a number
of diseases have been associated with oxidative stress, including atherosclerosis, heart
failure and even aging (Moskaug et al., 2005; Scalbert et al., 2005). The flavonoids have
been extensively studied with regards to their antioxidant effect to the human body.
These polyphenols directly interact with free radicals such as the hydroxyls and
superoxides. In addition, flavonoids also have the ability to chelate metal ions that are
generally toxic to the human body (Halliwell et al., 2005; Harbome & Williams, 2000;
Scalbert & Williamson, 2000).
Catechin polyphenols perform antioxidative reactions through different routes
(Chan et al., 2002; Williamson & Manach, 2005). Similar to flavonoids, catechins can
also chelate ions of iron, as well as copper, thus preventing possible damages that may be
inflicted when these metal ions attached to essential proteins inside cells (Arts et al.,
2000; Carando & Teissedre, 1999; He et al., 2006; Tabassum et al., 2007). The chelation
effect of catechins also suppresses the protein production of proteins associated with
neural plaques, which are commonly observed among patients positively diagnosed with
Alzheimer’s disease (Engelhart et al., 2002; Foley & White, 2002). In addition, catechins
also have the ability to adhere to the messenger ribonucleic acid (mRNA) strands that
contain gene sequences that code for neural proteins (Christen, 2000; Soobrattee,
Bahorun, & Aruoma, 2006). This ability of regulating protein production at an early
stage may significantly prevent the development of mental health disorders such as
Alzheimer’s disease and dementia (Christen, 2000; Lau, Shukitt-Hale, & Joseph, 2005).
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Another route that catechins take with respect with antioxidation is transfer of electrons
from deoxyribonucleic acid (DNA) sites showing free radical charges and consequently
developing semiquinone structures that are generally stable (Lambert, Hong, Yang, Liao,
& Yang, 2005; Sasazuki, Inoue, Miura, Iwasaki, & Tsugane, 2008). This dimerization
results from the chelating ability of catechins, which in turn decrease the migration and
further spread of free radicals throughout the human body (Gorelik et al., 2008a; Mattila
et al., 2006). The same observation has been observed in mouse models, wherein rats
provided with food pellets that were enriched with green tea extracts showed that their
levels of glutathione reductase, as well as superoxide dismutase were significantly
reduced (Skrzydlewska, Augustyniak, Michalak, & Farbiszewski, 2005). The same
observations were collected from another study that involved human subjects. According
to Erba (Erba, Riso, Criscuoli, & Testolin, 2003), the daily consumption of green tea for
approximately 42 days resulted in a marked increase in the amount of antioxidants in the
plasma of subjects. On the other hand, the concentration of peroxides in the plasma
samples collected from the same subjects was significantly decreased (Erba et al., 2003).
It has been estimated that the consumption of two cups of green tea delvier around 250
milligrams of catechin polyphenols to the body (Eisen et al., 2003; Henning et al., 2004).
Catechins have also been reported to inhibit the action of other damaging
chemical reactions that commonly occur in the human body (Arts & Hollman, 2005; Arts
et al., 2000). Xanthine oxidase is an enzyme that is produced by the body during
exposure to environmental and chemical insults. The accumulation of these enzymes can
lead to the further damage of other organs, such as the liver and the blood cells, which in
turn may affect the production of new blood cells and decrease the amount of oxygen that
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is delivered to different parts of the body (George & Struthers, 2008; Veskoukis et al.,
2008). The introduction of catechins to the body, through the consumption of green tea,
may thus save the cells from further destruction by xanthine oxidase (Kris-Etherton &
Keen, 2002; G. Y. Yang et al., 2000). Catechins also have the ability to prevent the
oxidation of fatty acids, which are the structural units of lipids. The brain and liver are
two major organs that are composed mainly of lipids and thus any oxidation reactions
that occur within these organs may eventually result in severe medical disorders (Aihara
et al., 2002; Kishido et al., 2007). The presence of catechins in the diet may prevent the
occurrence of oxidation reactions that could destroy the lipids of the brain and liver
(Chan et al., 2002). Extreme cases of damage to the brain often result in dementia, as
well as Alzheimer’s disease (Foley & White, 2002). On the other hand, liver damage due
to extreme oxidation of the cells and tissues may result in poor oxygenation, which in
turn may result in heart failure (W. Q. Chen & Cheng, 2008; Magrone, Panaro, Jirillo, &
Covelli, 2008).
2. Polyphenols Prevent Memory Loss
An association between polyphenols and memory loss has been
established in a study conducted by Laurin et al. (2004) (Laurin, Masaki, Foley, White, &
Launer, 2004). In the nine-year study that consisted of approximately 2,459 Hawaiian
middle-aged males who included consumption of polyphenol-rich foods in their daily
diet, the onset of dementia that is often linked with aging has been delayed (Laurin et al.,
2004). The clinical trial identified that the polyphenols that were commonly present in
their diet included flavonoids, as well as beta-carotene and the water-soluble vitamin E
(Jama et al., 1996). The flavonoids that these subjects took were mainly derived from
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green and black tea beverages, which were a main component of their daily meals (Kaur,
Pathak, Pandhi, & Khanduja, 2008; Unno et ah, 2007). Unfortunately, the monitoring
scheme that the authors of the report employed was a bit doubtful, because they only
screened the plasma levels of the participants on a single sampling time each year (Kaur
et ah, 2008). In addition, the plasma collection was only performed within 24 hours of
the intake of the specific polyphenol-containing beverage (Laurin et ah, 2004; Letenneur,
Proust-Lima, Le Gouge, Dartigues, & Barberger-Gateau, 2007). It is thus also possible
that the collected plasma samples do not represent what the participants have been taking
for the entire year. However, the extended period of monitoring of nine years was
commendable because the investigators painstakingly recalled each participant every year
in order to determine their mental health conditions (Commenges et ah, 2000; Laurin et
ah, 2004).
In another study conducted by Engelhart et al. (2002) (Engelhart et ah, 2002),
approximately 5,395 subjects were monitored for six years and these individuals were
identified to include vitamins E and C in their daily diet. The onset of Alzheimer’s
disease was checked in these individuals and the report concluded that the intake of high
doses of these vitamins resulted in a decrease in the chances of suffering from this
neurodegenerative disease. A parallel study conducted by Morris et al. (2002) (Morris et
ah, 2002)involving almost four years of monitoring of subjects who were taking
polyphenol-rich foods showed the same results. The report suggested that vitamin E
exerted some form of protection against damaging free radicals in the human body. The
authors also indicated a correlation between the presence of vitamin E and absence of the
apolipoprotein E4, which is known to play a major role in dementia and Alzheimer’s
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disease. Apolipoprotein E4 generally accumulates in the nerve endings and this
compaction inhibits neurotransmission of nerve impulses, which are the main
communication pathway of the nervous system. The inhibition of communication
between nerves cells thus results in severe memory loss, as what is commonly observed
among patients positively diagnosed with Alzheimer’s disease (Christen, 2000; Morris et
al., 2002; Rottkamp et al., 2000).
The daily intake of wine has also been observed to greatly decrease the
occurrence and progression of dementia, as well as Alzheimer’s disease (Letenneur et al.,
2007). It has been estimated that the daily intake of approximately 6 milligrams of
flavonoids by elderly individuals significantly decreased the chances of memory loss. In
another study conducted by Scarmeas and colleagues (2006) (Scarmeas, Stern, Tang,
Mayeux, & Luchsinger, 2006), the consumption of approximately four servings of wine
everyday decreased the chances of dementia by 80%. In a study conducted by Obregon
et al. (2006) (Obregon et al., 2006), catechins were observed to induce the production of
the protein desintegrin, as well as the enzyme metalloprotease, which play key roles in
the production of non-amyloid proteins. It should be understood that Alzheimer’s disease
involves the significant production and accumulation o f amyloid plaques in the nerve
endings of the brain, resulting in a gradual yet severe form of memory loss (Letenneur et
al., 2007; Obregon et al., 2006).
The signaling proteins JNK and p38 are known to induce the phosphorylation
reaction of several reactions in the cell (Engelhart et al., 2002; Morris et al., 2002). The
presence of catechins derived from the consumption of green tea induces the
phoshorylation of these proteins, as well as other proteins involve in other signaling
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pathways (Arts & Hollman, 2005; Scarmeas et al., 2006). These chemical reactions thus
influence the nerve cells to extend their survival and prevent the sudden degeneration that
is generally association with the accumulation of amyloid plaques at the nerve endings.
The increase in the activity of the signaling pathways may thus prevent the development
of Alzheimer’s disease or memory loss among elderly individuals (Lau et al., 2005;
Rottkamp et al., 2000; Scarmeas et al., 2006). Nerve cells also associated with the
production of neurotransmitters that facilitate in the transmission of signals from one
neuron to another (Commenges et al., 2000; Engelhart et al., 2002; Letenneur et al.,
2007). One of the main neurotransmitter is dopamine, which is released at the nerve
endings of one nerve cell and absorbed by another nerve cell that is located adjacent to
another nerve cell. Individuals positively diagnosed with mental health disorders, such as
major depression or dementia show a lower production of dopamine (Kostrzewa &
Segura-Aguilar, 2003). It has been suggested that the decreased production of dopamine
may be due to the deterioration of the cells, or the destruction of the lipoproteins involved
in the nerve cells. Polyphenols such as catechins from green tea have the capacity to both
repair any damaged lipoproteins, as well as prevent any further destruction that a cell
may encounter (Kostrzewa & Segura-Aguilar, 2003; Laurin et al., 2004; Letenneur et al.,
2007).
3. Polyphenols Prevent Apoptosis
Cell death is one of the major causes of medical disorders, involving either
necrosis or apoptosis (Siddiqui et al., 2008; Thangapazham, Passi, & Maheshwari, 2007).
Necrosis is associated with the destruction of the cell through the simple deterioration of
the organelles, while apoptosis involves the fragmentation of the nuclear material
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(Coenen et al., 2009; Gerritsen et al., 1995; Lambert et al., 2005). Polyphenols exert
inbitory effects in apoptotic pathways through several ways. One route is through the
inhibition of the apoptosis protein caspase-3, which is known to prevent the survival of
cells (Koh et al., 2004). Another route is through the modification of the expression of
other apoptosis-related genes. The Bel genes are prime components of the anti-apoptotic
machinery of the cell.(Letenneur et al., 2007).

On the other hand, the Bax, as well as

the Bad, genes are known to induce a cell to undergo apoptosis. Catechins have the
ability to inhibit the expression of apoptosis-associated genes, as well as trigger the
expression of anti-apoptosis-related genes. In addition, catechins also increase the
production of protein kinase C, which is an enzyme that restores that cells capacity to
survive (J. Lin, Della-Fera, & Baile, 2005; A. R. Martin, Villegas, La Casa, & de la
Lastra, 2004; Nishikawa et al., 2006).
Several studies have shown that in addition to their antioxidant protective effect
on DNA and gene expression, polyphenols, particularly flavonoids, inhibit the initiation,
promotion and progression of tumors, possible by a different mechanism (Urquiaga &
Leighton, 2000)
4. Polyphenols as Anti-inflammatory Agents
There are a significant number of reports that describe the anti
inflammatory action of polyphenols (Arts et al., 2000). The mechanism behind this
action may be mainly due to the ability of polyphenols to search for nitrous oxides, as
well as free radicals that may be freely going around the human body (Sartor et al., 2002;
Tipoe, Leung, Hung, & Fung, 2007). In addition, polyphenols also have the ability of
decreasing the activity of nitrous oxide synthase, thus resulting in the control of its
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production (Nagai et al., 2002). It should be understood that nitrous synthases have a
similar effect as free radicals, wherein these molecules induce tissue damage by oxidation
of lipids that are structural components of the cell. Both isoforms of nitrous oxide,
neuronal and inducible, are weakened by catechins, at to the same extent (Sur, Nigam,
Grote, Liebel, & Southall, 2008). It has also been suggested that catechins specifically
activate the transcription factor NF, which is complementary to the sequence of the
promoter region of the inducible nitrous oxide gene (Y. L. a. L. Lin, J.K. , 1997). On the
other hand, catechins can also activate the enzyme nitrous oxide, which increases the
diameter of blood vessels. This vasodilation thus results in the decrease or inhibition of
inflammation in the human body. Vasodilation is one of the main sign of inflammation,
which is a common result of infection (Laurin et al., 2004).
Another pathway that has been suggested for catechins to exert their anti
inflammatory effect is through action of the response elements that are present in the
promoter region of the nitrous oxide gene. It has been described that catechins bind to
the promoter region, which in turn trigger the production of product that would counter
the effect of nitrous oxide. The binding may also increase the activities of the cell to
suppress the development of ischemia (Sutherland, Rahman, & Appleton, 2006).
Catechins have also been reported to induce the production of cytokines, which
are the frontline proteins that counter inflammation. It has been observed that the
presence of catechins could inhibit the production of the cytokine interleukin-1, and
simultaneously activate the production of cyclooxygenase-2, which is a known inhibitor
of interleukin-1 (Heo & Lee, 2005).
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5. Polyphenols Prevent Stroke
The consumption of polyphenols, especially through the intake of green
tea, has been reported to prevent stroke, as well as other cerebrovascular disorders (Ritz
et ah, 2008). A clinical study conducted for four years among 5,910 subjects showed that
the incidence of stroke in the form of a hemorrhage in the cerebral region of the brain
was higher among individuals who only took less than five servings of green tea each day
(M. L. Fraser, Mok, & Lee, 2007; Uchida et ah, 1995). On the other hand, subjects who
include more than five cups of the green tea beverage in their daily diet showed a
significant decrease in the incidence of cerebral hemorrhage (Sato et ah, 1989). A similar
result was observed in another clinical study that involved the consumption of black tea
among 552 subjects who were designated to be in their senior or elderly years (Keli et ah,
1996).

In another report authored by (He et ah, 2006), which involved a cohort study

of individuals that consumed significant amounts of fruits and vegetables in their daily
diet showed that they were at a small risk to suffer from stroke.
F. Polyphenol Content in Foods
In order to determine the amount of polyphenols in specific food items, different
kinds of assays may be conducted that will provide indirect evidence of the biological
effect of polyphenols (Manach et ah, 2004; Ramos, Alia, Bravo, & Goya, 2005; Soliman,
2001). Since polyphenols are known to act as antioxidants, then assays that could
determine the degree of prevention of the oxidation reaction may be used to indirect
provide an idea on the amount of polyphenol that is present in a particular fruit or
vegetable (Jeremy P.E. Spencer, 2008; Scalbert et ah, 2005). In order to determine the
extent of antioxidation of a polyphenol or any particular compound, assays may be
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conducted that monitor specific intermediates of an oxidation reaction. Among these are
the ferric-reducing ability of plasma (FRAP) assay, the trolox equivalent antioxidant
capacity (TEAC) assay, and the oxygen radical absorbance capacity (ORAC) Table 1
(Benzie & Strain, 1996; G. Cao & Prior, 1999; Miller, Rice-Evans, Davies, Gopinathan,
& Milner, 1993). These assays have identified that vegetables such as Brussels sprouts,
cabbage and spinach have great quantities of antioxidants. In fruits, significant
antioxidant capacities have been observed in blueberries and strawberries. Most of the
citrus fruits such as oranges and lemons have high amounts of antioxidants (Leuzzi et al.,
2000; Mattila et al., 2006).
Polyphenols may not only be derived from fresh fruits and vegetables, but also
from commercial food products such as fruit drinks (Decorde et al., 2008). One of the
products that contain high amounts of polyphenols is grape juice (Decorde et al., 2008;
Mattila et al., 2006). The major types of polyphenols that are present in fruit drinks
include anthocyanins and flavanols. On the other hand, juice drinks from pineapples, as
well as tomatoes contain low polyphenol amounts (Manach et al., 2004; Mattila et al..
2006).
One feature of polyphenols that facilitates in exerting its positive effects on the
human body is that these compounds are quickly absorbed into the intestinal lining
(Sugiyama et al., 2007). In addition, the rapid absorption of these polyphenols is often
coupled to the efficient distribution to the rest of the parts of the body, thus enabling the
effects to be observed at a short period of time (Silberberg, Besson, Manach, Remesy, &
Morand, 2006; Sugiyama et al., 2007). Chromatographic analyses of different types of
polyphenols show that polyphenols levels in the plasma can be observed within one to
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two hours after consumption of a polyphenol-rich food item. In a study conducted by
Yang et al. (1998) (C. S. Yang et al., 1998) involving plasma screening for polyphenols
among individuals drinking the green tea beverage, the plasma catechins were detected as
early as 1.4 hours after drinking. Murine models of polyphenol absorption have also
been designed in other independent researches. According to Abd El-Mohsen et al.,
(2006) (Abd El-Mohsen et al., 2006), who conducted the screening of catechin levels
among rats that would orally administered epicatechins at a dose of 100 milligrams per
kilogram weight each day, the specific types of polyphenols that are derived from
epicatechins were immediately detected within one hour of oral gavage. However, the
polyphenols detected in the plasma of these murine organisms were not the same as what
was administered, but was detected as methylepicatechnin. The plasma samples also
contained the original form of epicatenin, but this was observed at a lower level,
suggested that the modification of epicatechnin to methylepicatechnin may have taken
place somewhere between the oral administration and the plasma chromatography
(Warden, Smith, Beecher, Balentine, & Clevidence, 2001; C. S. Yang et al., 1998; C. S.
Yang et al., 2001; G. Y. Yang et al., 2000).
A similar chromatographic study was performed by another group, that
investigated polyphenols levels in the brain (Suganuma et al., 1998). This report stated
that approximately 0.4 nanomoles of epicatechnin was detected in every gram of brain
tissue that was analyzed. The presence of epicatechnin in the brain tissues right after the
oral administration of epicatechnin proves that the absorption and distribution of this
polyphenol is very efficient and rapid. In another study conducted by Zini et al. (2006)
(Zini et al., 2006), the consumption of green tea by six participants showed that the
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epicatechins derived from the beverage was also detected in the nervous system of these
individuals. It should be understood that the small population of this study was due to the
fact that these six individuals were patients that were scheduled to undergo a procedure
involving the puncturing of their lumbar spine for collection of cerebrospinal fluid.
These patients were thus diagnosed with another independent medical disorder and thus
the collection of cerebrospinal fluid would facilitate the current study of detecting
epicatechnins in the nervous tissues. Blood was also collected from these patients and
analyzed for epicatechnin content. This study showed that epicatechnins could be
detected within one hour of drinking green tea) (Halliwell, 2007; Zini et al., 2006).
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Table 1. Oxygen Radical Absorbance Capacity (ORAC) Scores for Some Common
Foods.
Table: ORAC
Scores for some
common foods

Sample

L-ORAC
(pmol TE/g)b,c

H-ORAC
TAC(pmol TE/g)b,c ORAC
(pmol
TE/g)c
1.4
1.23 ±0.17
2.97 ±0.62
3.1
15.13 ±3.36
15.5
61.84 ±7.75
62.2
35.41 ±4.24
35.8
47.65 ± 7.18
49.3
17.85 ±3.79
18.1
62.22 ±20.22 62.4
3.13 ±0.69
3.4
4.18 ± 2.80
4.5
12.72 ±2.28
13.2
14.18 ± 2.04
15.9
42.82 ±8.71
44.5
15.23 ±2.04
20.0
175.24 ±10.36 179.0
75.57 ± 10.50 79.8
38.63 ±3.21
39.0
30.02 ± 5.23
30.4
83.99 ± 16.56 85.8

Watermelon
0.19 ±0.04
Cantaloupe
0.15 ±0.08
Grapefruit
0.35 ±0.10
Blueberry
0.36 ±0.18
Strawberry
0.36 ±0.25
Raspberry
1.62 0.66
Navel Orange
0.29 ±0.13
Plum
0.17 ± 0.10
Tomato
0.22 ± 0.07
Lettuce, Iceberg
0.33 ±0.10
Potato, Russet
0.51 ±0.14
Broccoli
1.72 ±0.24
Almond
1.72 ±0.50
Cashew
4.74 ± 1.38
Pecan
4.16 ±0.98
Pistachio
4.25 ± 1.46
Date
0.32 ±0.16
Raisin
0.35 ±0.13
Prune
1.79 ±0.56
aSource:Wu, et al. 2004.
b Samples were taken from two seasons and averaged; each season had duplicates from 4
different U.S. regions
c Lipophilic (L-ORAC), Hydrophilic (H-ORAC), and Total Antioxidant Capacity (TACORAC); units are micromoles of Trolox Equivalents per gram
G. Polyphenol Content of Nuts
There are now several reports that indicate that polyphenols are only derived
from fresh vegetables and fruits but also from nuts Table 2 (Scutt, Meghji, Canniff, &
Harvey, 1987; Torabian et al., 2009). In a report authored by Fraser et al. (1992) (G. E.
Fraser et al., 1992), a correlation between the consumption of nuts and a significantly
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decreased number of cases of ischemic heart disease was established. In addition, it has
also been reported that eating walnuts resulted in an improvement in the lipid profiles of
subjects (Fukuda, Ito, & Yoshida, 2004; Shimoda et al., 2009). There has been a
significant decrease in the total, as well as low-density lipoprotein, cholesterol levels of
subjects that were included in the study. The high-density lipoprotein and apolipoprotein
levels of these participants were also observed to be at lower levels (Anderson et al.,
2001).
Nuts have been identified as good sources for polyphenol compounds because
these impart beneficial effects on the human body (Manach et al., 2005; Scalbert et al.,
2005)These polyphenolic compounds exert anti-oxidative effect on cells, thus resulting in
the repair of damaged macromolecules, as well as prevention of future destruction of
biological compounds (Anderson et al., 2001; Rajaram & Sabate, 2006; Sabate & Fraser,
1994; Sabate et al., 2006; Torabian et al., 2009).
Table 2. Polyphenol Content of Nuts (Wu et al., 2004)
Nuts

Total Polyphenol (mg of GAE/g)2

Almonds
4.18 ±0.84
Brazil nuts
3.10 ±0.96
Cashews
2.74 ±0.39
Hazelnuts
8.35 ±2.16
Macadamias
1.56 ±0.29
Peanuts
3.96 ±0.54
Pecans
20.16 ± 1.03
Pine nuts
0.68 ± 0.25
Pistachios
16.57± 1.21
Walnuts
15.56 ±4.06
Serving size from USDA Nutrient Database for Standard Reference Total Polyphenols
data expressed as milligrams of gallic acid equivalents per gram (mg of GAE/g)
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1. Pecans
The pecan nut contained large amount of monounsaturated fatty acids,
which could alter blood lipid profiles, as well as decrease the levels of low-density
lipoproteins (Morgan & Clayshulte, 2000). This nut, which is scientifically identified as
Carva illinoinensis, is commonly cultivated in the United States and has been included in
several food items (Villarreal-Lozoya, 2007). Among the different nuts that contain
polyphenols, the pecan has been determined to contain that highest amount of this
phytochemical see table 2. Extraction and subsequent chromatographic analyses of
pecans showed that these nuts contained hydroxybenzoic acid, gallic acid and
proanthocyanidins Table 3, 4 and 5 (H. Cao et al., 2007; Gu et al., 2004; Polles, 1981).
Pecan nuts also contain prodelphinidins, epigallocatechins and flavanols. It is interestng
to know that different pecan varieties, or cultivars, may contain varying amounts of
polyphenols, ranging from 62 milligrams and to even 4700 milligrams in specific strains
(Villarreal-Lozoya, 2007)(ViIlarreal-Z,ozoya et al, 2007). The polyphenols in pecan nuts
are easily hydrolyzed and thus the net polyphenol content may significantly decrease
after food processing. One common process that pecan nuts undergo is the removal of
the shell, which often results in the condensation of water in the fleshy part of the nut
(Polles, 1981). The removal of the shell may also result in a change in the temperature of
the nut. The condensation of water in pecans often results in the decrease in the amount
of tannin that may be extracted from these nuts (Morgan & Clayshulte, 2000; Polles,
1981; Villarreal-Lozoya, 2007).
Different pecan varieties may also show varying capacities for antioxidation.
Both shell and kernel of the pecan nut contain polyphenols, while the fleshy part may
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also contain linoleci and linolenic acids. The polyphenol content of each pecan cultivar
is strongly influenced by the environment where these plants were grown
(Venkatachalam et al., 2007). For example, if the soil were supplemented with nitrogen,
then the pecan nuts that are generated would have higher amounts of monounsaturated
fatty acids. This information may be helpful to farmers who would select more beneficial
pecan varieties for further cultivation. Pecan nuts are also rich sources of tocopherol and
this feature allows companies to further consider this plant derivative for
commercialization. However, utmost caution should be taken with regards to the
handling of these nuts because tocopherol content may markedly decrease upon further
maturity of the nut (E. Haddad, 2006; Moodley, Kindness, & Jonnalagadda, 2007;
Rajaram, Burke, Connell, Myint, & Sabate, 2001; Wakeling, Mason, D'Arcy, & Caffin,
2001).
Table 3. Concentration of Proanthocyanidins (PA) in Common Foods (mg per 100
Fresh Weight)
Food
Monomers Dimers Trimers
4-6
7-10
>10
mers
mers
mers
(Catechin)
Pecans
17.2
42.1
26.0
101.4
84.2
223
Walnuts
6.9
5.6
7.2
22.1
5.4
20.0
Almonds
7.8
9.5
8.8
40.0
37.7
80.3
Red wine
20
40
67
50
110
27
Black
31.4
31.2
21.1
55.5
68.2
38.5
chocolate
Baking
198.5
206.5
130.9
332.6
216.4
551.0
chocolate
unsweetened
From Gu et al. (Gu et al., 2004)
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g
Total

494
67
184
313
246
1636

Table 4. Oxygen Radical Absorbance Capacity (ORAC) of Selected Nuts
Pecans
Walnuts
Almond
H-ORAC
17524
4282
13057
L-ORAC
416
404
172
Total-ORAC
17940
4454
13461
TP
2016
1156
418
H-ORAC = Hydrophilic-ORAC
L-ORAC = Lipophilic-ORAC
TP = Total Phenolics
Data from U.S. Department of Agriculture

Table 5. USDA Database for the Flavanoid Content between Pecans, Walnuts, and
Almonds (mg/lOOg)
Pecans
Walnuts
Almonds
Anthocyanidins
Cyanidin
10.74
2.71
2.46
Delphinidin
0.00
7.28
0.00
Flavan-3-ols
Epicatechin
0.82
0.00
0.60
Epigallocatechin
5.63
0.00
2.59
Epicallocatechin-32.30
0.00
0.00
gallate
Catechin
7.24
0.00
1.28

2.

Walnuts
The pellicle of the walnut has been determined to contain high amounts of

polyphenols and this is commonly known as the dark brown skin that encapsulates these
nuts (Fukuda et al., 2004). Walnuts have been recently investigated for its organic
content because of its beneficial feature of containing high amounts of polyunsaturated
fatty acids. Linoleic, as well as linolenic acids, have been detected in walnuts through
extraction and chromatographic studies (Jenab et al., 2006).
One serving of walnuts, which contain approximately 50 grams, has been
determined to contain around 800 milligrams of gallic acid (Fukuda et al., 2004; Jenab et
al., 2006). On the other hand, 50 grams of pecan nuts have been determined to contain
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approximately 500 milligrams of gallic acid. Additional comparative studies on the
content of walnuts against other fruits vegetables show that by far, walnut contain higher
doses of polyphenols that the common edible plant sources. For example, apple juice is
known to contain polyphenols, but only at a lesser amount of 117 milligrams in a 240millilitre glass serviing. A 43-gram chocolate bar contains approximately 205
milligrams, which is still far lower than the amount of polyphenols in a 50-gram serving
of walnuts (Anderson et al., 2001; Feldman, 2002).
Walnut extracts are characterized to have the capacity to perform anti-oxidation
reactions that are important in the repair and prevention of damages that have
accumulated in the lipid components of cells. According to antioxidant capacity data that
facilitates the determination of polyphenol content, walnuts have significantly high
amounts of ellagic, as well as gallic acid. In addition, the amounts of polyphenols in
walnuts are markedly higher than the amount of tocopherol that is present in apple and
grape juices (Kelly & Sabate, 2006). It has been suggested that the difference in the
contents that were observed from these antioxidant assays is due to the efficient
conjugation of these particular polyphenols in the body. Gallic and ellagic acids are
effectively complexed with tannins and these polyphenols could also complex with
metals, thus reducing the chances for cells to undergo damage (Anderson et al., 2001;
Elaine B. Feldman, 2002; Fukuda et al., 2004; Torabian et al., 2009).
H. Postprandial Studies and the Effect of Foods on Plasma Polyphenols
It has earlier been established that specific polyphenols contained in the daily diet
is initially absorbed by the mucosal lining of the small intestines. These compounds are
then further circulated to the rest of the body through the blood stream (Torabian et al.,
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2009; Toyoda-Ono et al., 2007). It has been suggested that protein transporters may have
facilitated the active transport of polyphenols from the intestinal lining to the adjacent
blood vessels (Gorelik et al., 2008a; Gorelik, Ligumsky, Kohen, & Kanner, 2008b;
Torabian et al., 2009; Toyoda-Ono et al., 2007). Using this mechanism of transport, it is
then possible to indirectly estimate the amount of polyphenols circulating in the body
through the amount of its interacting molecules. In an investigation on the cardiovascular
effect of polyphenols present in raisins, Puglisi et al. (2008) (Puglisi et al., 2008) assessed
several physical factors and vital signs in 17 men and 17 women, all sex- and weightmatched. The consumption of raisins was examined in combination with the walking
exercise and the independent effects of each variable were also examined. The study
participants were assessed for indicators of lipoprotein and inflammation conditions by
checking their blood pressure, levels of lipids, glucose and insulin in the plasma. Their
clinical trial showed that the participants experienced a significant lowering of
cholesterol levels, as well as low-density lipoproteins and triglycerides. In addition, the
amount of plasma tumor necrosis factor a (TNF-a) also substantially decreased after
intake of raisins and performing walking exercises (Gorelik et al., 2008a; Puglisi &
Fernandez, 2008; Puglisi et al., 2008). The same results were observed in an
investigation using berry intake and investigating its effect on cholesterol and fatty acid
plasma levels (Erlund et al., 2008). In addition, the report described that the platelet
function of participants also improved. In a similar report, Gruendel et al. (2006)
(Gruendel, Garcia et al., 2006) explained that polyphenols significantly decreased the
postprandial plasma levels of triglycerides and ghrelin, a hormone that is associated with

49

the sensation of hunger and thus may play a role in obesity when present in abnormally
high amounts in the plasma.
Polyphenols have also been suggested to be cancer-preventive (Sasazuki et al.,
2008). Plasma indicators for the effect of polyphenol consumption were assessed in
62,567 individuals who included green tea in their daily diet. The investigation was
conducted for 14 years and checked at frequent intervals. The investigation showed that
all the subjects classified under the control group experienced gastric cancer, while none
of the case subjects developed the disease. Plasma levels of epigallocatechin were
significantly high among the case subjects, indicating a direct role of green tea
polyphenols in preventing gastric cancer. Recent evidence also indicates that
polyphenols derived from red wine imparted beneficial effects on the nervous system.
Spaak and colleagues (2008) (Spaak et al., 2008) investigated the effect of red wine on 13
study participants, with control groups taking alcohol drinks or water. Their study
showed that the plasma levels of the case subjects carried a higher level of catechins and
resveratrol, which improved the blood flow than those individuals drinking alcohol
concoctions or water. The authors described that the plasma polyphenols altered the
activity of the nerves cells in the case subjects, resulting in a better blood circulation.
According to Gorelik et al. (2008a) (Gorelik et al., 2008a, 2008b), the presence of
polyphenols in red wine specifically decreases the plasma levels of hydroperoxides,
which originate from meats that are partially cooked. Half- to uncooked meats cause
peroxidation reactions of lipids which are harmful to the body. The same effect can be
actually observed from the inclusion of red wine with fat-rich foods, wherein the harmful
consequences of fat consumption is prevented by the interaction of polyphenols with the
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fats. In another investigation conducted by Gorelik et al. (2008b) (Gorelik et al., 2008a),
a mechanism of action was described regarding the interaction of polyphenols with
plasma lipoproteins derived from fat-rich meals. In their report, they suggested that the
postprandial presence of polyphenols and lipoproteins in the gastrointestinal tract inhibits
lipoprotein absorption in the human body. One of the possible routes of inhibition of
absorption is through the coupling of polyphenols to these intermediates, thereby
generating bigger molecules that are physically too large to traverse the intestinal lining.
The presence of secondary bond between the polyphenol structure and other
proteins may also serve as additional structural inhibitors for its absorption into the
intestinal tract. The digestive system is one of the major sites for activities associated
with polyphenolic compounds, wherein conjugative modifications take place between the
phytochemical and other compounds, resulting in either the enhancement or the inhibition
of absorption of the resultant polyphenol complex (Gorelik et al., 2008a, 2008b;
Hamauzu et al., 2006; Sasazuki et al., 2008; Spaak et al., 2008). The consumption of
food items that are rich in fats is harmful to the human body hence the intake of
polyphenol-containing plant foods and other plant derivatives may help in the removal of
harmful compounds. Polyphenols also provide protection from unnecessary oxidation
reactions that are commonly caused by eating fatty foods (Gruendel, Weickert et al.,
2006; Spaak et al., 2008).
In addition to lipoprotein regulation, polyphenols have also been reported to
control the absorption of glucose through the intestinal lining. According to Mai and
Chuyen (2007) (Mai & Chuyen, 2007), polyphenols have the ability to prevent the action
of the a-glucosidase enzyme, which is the main protein involved in glucose absorption.
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This enzyme is mainly present in the intestinal lining of the digestive system and thus the
inclusion of polyphenol-containing food prevents the development of a postprandial
hyperglycemic condition. This report would benefit medical research on diabetes as well
as its management and prevention. The same observation was reported in an
investigation conducted on extracts from the acerola fruit (Shibata et al., 2007). Both aglucosidase and maltase enzymes were inhibited by the presence of polyphenols in the
juice extracts of the acerola fruit.
The inclusion of polyphenols in the daily diet has thus provided new avenues in
the prevention of cancer, as well as cardiovascular, endocrine and neural disorders. The
continuous accumulation of research reports on the direct effect of polyphenols in the
plasma at the postprandial condition, together with plasma levels of indicators of medical
conditions such a hyperglycemia and hypercholesterolemia, thus serves as direct
scientific evidence that polyphenol-containing fruits and fruit derivatives are indeed
beneficial in promoting a healthy body (Erlund et al., 2008; Erlund et al., 2001; Gorelik
et al., 2008a; Toyoda-Ono et al., 2007; Young et al., 1999). More importantly, these
phytochemicals have the capacity to prevent further damage caused by oxidative
reactions that are commonly occurring in the environment (Gruendel, Weickert et al.,
2006).
Plasma levels of polyphenols after the consumption of walnuts were determined
to be higher, according to de Vries et al. (1996) (de Vries et al., 1998). It has been
demonstrated that ellagic acid from walnuts were effectively detected in the plasma of
subjects that have participated in their clinical study. More importantly, gallic and galleic
acids have the capacity to complex with low density lipoprotein, which in turn decrease
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the chances of accumulating reactions involving lipid peroxidation. The frequency of
oxidation of low-density lipoproteins are strongly correlated with coronary heart disease.
It has been observed that polyphenols are good chelating agents for free metal ions.
These ions are highly capable of interacting with fatty acids, resulting in the production
of hydroxyl, as well as superoxide radicals that could be extremely damaging to cells and
tissues (de Vries et al., 1998; Gorelik et al., 2008a; Torabian et al., 2009; Toyoda-Ono et
al., 2007).
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CHAPTER 3
RESEARCH METHODS

A. Study Design and Dietary Intervention
The postprandial response to a test meal (breakfast) containing pecans on
antioxidant status in plasma was assessed and compared using a Latin-square design. The
study was carried out in two phases with each phase encompassing a period of 4 weeks
and with about 8 participants per phase. During each phase, a total of 4 interventions
were conducted. Each intervention required 3 days. Subjects were randomly assigned to
one of the following treatment sequences: (Table_6)
Table 6. Dietary Intervention
Week 1

Week 2

Treatment
Sequence
1

Control

Whole pecans

2
3

Pecan smoothie
Whole pecans

Control
Walnut

4

Walnut

Pecan
Smoothie

Week 3

Week 4

Pecan
Smoothie
Walnut
Control

Walnut

Test meals

Whole pecans

Whole pecans
Pecan
Smoothie
Control

1. Test Meals
For the nuts-containing test meals, nuts were provided 100% of total
energy intake at approximately 10 kcal kilogram body weights. For the control meal,
macronutrient composition similar to nut-containing meals was calculated and food
sources were carbohydrate (white bread), fat (purified olive oil), and protein (egg white).
(Table 7)
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Table 7. Nutrient Composition of the Test Meals 1
Control (g)
Whole Pecan/
Walnut (lOOg)
Ground Pecan (100 g)
616
Energy (kcal)
654
622
64.01
Fat
65.21
64.77
12.06
Carbohydrate
13.71
12.47
8.7
Protein
15.23
8.25
Vitamin E*
0.98
0.70
1.26
ND
49.30±4.06
Total Polyphenols+
63.89±3.26
85
Proanthocyanidins#
ND
445
ND
Catechin
7.2
ND
1 Nutrient composition for test meal only (breakfast). ’Milligram (mg) of total vitamin E
per 620 kcal.
+Total polyphenol data expressed as gallic acid equivalents per gram (mg g)l GAE).
# Concentration of proanthocyanidin (PA) in common foods (mg per 100 g fresh weight)
2 ND, values are below the detectable concentrations.
2. Intervention
Each intervention period spanned 3 days. Participants were following a
polyphenol free diet for 1 day before actually being tested for the postprandial response
to the nuts containing meal. All meals were designed by the research (no fruits,
vegetables, coffee, tea, chocolate, juice, wine, etc), prepared by a kitchen staff, and
served to the participants in the Nutrition Research Kitchen.
On the 2nd day, testing and blood sampling was begin. After an overnight fast,
blood sample were drawn at 7:00 am, and participants was given the appropriate test
meal (control, whole pecan, pecan smoothie, and walnut). Additional blood samples were
collected 1, 2, 3, and 5 hours after the test meal. Around 12:00 pm a polyphenol-free
lunch was served and one more blood samples were corrected 8 hours after the test meal.
A polyphenol-free supper was served at around 6:00 pm. The control meal, lunch and
dinner were composed of refined food low in phenolic and polyphenolic content.
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On the 3rd day of testing, fasting blood was collected at 7:00 am before breakfast
and regular breakfast was provided. During the 3 days of intervention, the only beverage
allowed was water and participants were expected to remain sedentary.
B. Subjects Selection
Healthy nonsmoking men and women aged 19-65 years were recruited from
Loma Linda University students, faculty and staff by using advertisement flyers around
the campus, cafeteria, medical center, etc. the screening was done by person-to-person
interview. Subjects were eligible as they met the following inclusion criteria: (i)
apparently healthy as indicated by a general medical questionnaire no current heart
disease, cancer, diabetes, high blood pressure, thyroid disorder, stroke and GI disorder,
(ii) body mass index (BMI) < 35 kg/m2, (iii) not taking any dietary supplements or
medications, (iv) not pregnant or lactating, (v) not allergic or sensitive to nuts, and (vi)
not habitual drinking of tea or coffee. The protocols were explained to the volunteers and
their written informed consent was obtained. (Table 8)
Table 8. Baseline Characteristic of Study Participants1
Female (N=10)
Characteristic of Study Participants
27.5±5.8
Age (year)
58.6±8.1
Weight (kg)
163.3±6.5
Height (cm)
BMI (kg/m2)2
22±3.1
All results are expressed in mean± SD, n=16
2 Body Mass Index (BMI) calculated as kg/m2

Male (N=6)
32.2T8.7
73.9±14.7
172.3±10.6
25.2±6.3

C. Sample Size
Sample size was calculated for a 4 treatments crossover design using SAS version
8.0, based on the method recommended in Senn (1993) (Miller et al., 1993). The sample
size calculation was based on an estimate of the SD of the treatment difference (the
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difference between treatment and control measurements of plasma phenols taken on an
individual) of 2.5 mg/L obtained from similar research O’Byrne et all. 2002 (O'Byrne et
al., 2002). At the .05 level of significance, a sample size of 6 subjects will provide >90%
power to detect a 15 mg/L change in plasma phenol concentration (O'Byrne et al., 2002).
However, 16 subjects were recruited in this study, allowing for ample power to detect
changes in other lesser known components and for potential drop outs.
D. Biological Specimen Collection and Processing
1. Blood Collection
Blood was collected by venipuncture. A butterfly needle was inserted into
a vein and blood was taken immediately before the test meal as a baseline sample.
Additional blood samples were drawn 1, 2, 3, 5, 8 and 24 hours after the test meal.
Plasma was prepared by centrifugation (1000 x g for 15 minutes at 4° C) and frozen
immediately and stored at -80° C until analysis.
2. Urine Collection
Urine was collected on the 2nd day of testing. The 1st morning void was
discarded. Subsequently two fractions were collected. After consumption of the test meal,
all urine was collected until 12 hours after the test meal. Aliquots will again be taken and
these were designated as fraction 2, or 24-hour excretion. Urine samples was collected in
plastic bottles containing Ig/L ascorbic acid as preservative and immediately stored at 80° C until analysis.
E. Biochemical Assays: Total Plasma Polyphenols
Plasma phenolic content was measured using the Folin-Ciocalteau (FC)
colorimetric assay described by Serafini et al.(Serafini, Laranjinha, Almeida, & Maiani,
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2000). The reagent used in this assay, a mixture of phosphmolybdate and
phophotungstate, works by oxidizing phenolates found in the samples. The acids from the
FC reagent are thus reduced, creating a blue color. Total phenolic antioxidant capacity
can then be determined by measuring the samples at a wavelength of 765 nm.
1. Selected Polyphenols
Testing of select polyphenols (Catechin Panel) in plasma samples was
contracted out to Brunswick Laboratories due to technological limitations in our own
facilities. Catechin concentrations were analyzed using an HPLC method.
2. Antioxidant Capacity Analyses
Two methods were used to assess the total antioxidant capacity of plasma:
(1) Ferric ion-reducing ability of plasma (FRAP); and (2) Oxygen radical absorbance
capacity (ORAC).
The FRAP assay is a direct test for total antioxidant ability, or power. A change in
absorbance of a ferric tripydyltriazine complex is measured at 593 nm. This change is
directly related to the total antioxidant power of antioxidants present in the reaction
mixture. For our study, we used a FRAP assay as described by Benzie et al.(Benzie &
Strain, 1996). Only slight modifications were made to this procedure. The plasma
samples were diluted with distilled water (5:1; H2O: plasma). A Trolox stock standard
(0.002 M) was diluted to three working standard concentrations of 0.2 pM, 0.1 pM, and
0.05 pM. Plates were set to shake for five minutes then read at the suggested 593 nm.
The ORAC assay depends on the free radical damage to a fluorescent probe
through the change in its fluorescence intensity. The change of fluorescence intensity is
an index of the degree of free radical damage. Inhibition of free radical damage in the
58

presence of an antioxidant, which is reflected in the protection against the change of
probe fluorescence in the ORAC assay, is a measure of its antioxidant capacity against
the free radical. This assay utilizes a biological relevant radical source and is the only
method that combines both inhibition time and degree of inhibition into simple quantity.
ORAC as developed by Cao and Prior (G. Cao & Prior, 1999; Prior et al., 2003) and
recently modified by Prior et al (Prior et al., 2003) was used to analyze total antioxidant
capacity of both plasma and urine.
3. Biomarkers of Lipid and LDL Oxidation
Plasma and urine malondialdehyde (MDA) was quantified using a method
based on formation of thiobarbituric acid reactive substances (TEARS) with reversedphase HPLC separation and fluorescence detection as developed by Templar et
al.(Templar, Kon, Milligan, Newman, & Raftery, 1999). The purpose of the reversed
phase method is to separate the MDA-(TBA) complex, which allows for a more accurate
quantification of MDA. Liquid chromatographic analyses were performed using
Fluorescence HPLC monitor RF-535, Liquid Chromatograph LC-10AT, and Auto
Injector SIL-10AD (Shimadzu). A reversed phase column (150x3.20 mm 5 micron) was
used (Phenomenex), with a peak time at approximately five minutes.
Plasma oxidized LDL concentrations were determined using an enzyme-linked
immunoassay kit (ALPCO Diagnostics), which specifically tests for MDA-modified
LDL.
4. Microtiter Plate Detection
Synergy HT plate reader (Bio-Tek Instruments, Inc.) and Gen5 1.05
software were used to read Microtiter plates for oxidized LDL, FRAP, and FC assays.
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The ORAC plates were read using FLxSOO Microplate Fluorescence Reader (Bio-Tek
Instruments, Inc.).
F. Data Analysis
Results were expressed as both means ± SDs and means ± SEs. Changes between
the baseline (0 h) and different time intervals among groups will examine using repeatedmeasures ANOVA. The difference between treatment groups and control group, and also
the effects of intervention on outcome parameters were analyzed by one-way ANOVA.
G. Human Subjects in Research
Loma Linda University and the research team were following the current NIH
guidelines. LLU and PI had received IRB approval to conduct this clinical trial. This was
a controlled clinical randomized feeding trial. Participants were healthy women and men
with diverse ethnic backgrounds.
Potential participants were required to sign an Institution Review Board (IRB)
approved Informed Consent document along with medical and dietary questionnaires to
screen for serum cholesterol determination. All participants meeting the eligibility criteria
were scheduled for independent interviews with two investigators for individual
counseling. This was done in order to assess the degree of participant commitment in
following study protocol. Participants with the highest commitment score were invited to
participate in the study.
H. Risks of the Study
Loma Linda University has many years of experience in running clinical trials. In
any feeding trial, there were some potential risk factors for participants. The literature
shows that feeding trials can result in certain side effects. There was a small possibility of
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developing an allergy to walnuts or pecans. There could be possible complications with
blood drawings such as slight pain and minor bleeding/bruising at the point of needle
insertion. Apart from the blood test, no other procedures were associated with risk or
significant discomfort. Loma Linda University IRB was determined that participating in
this study exposes participants to minimal risks. Throughout the trial, the safety of
participants were safeguarded through daily meetings with senior investigators and other
members of the research team.
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Abstract
Pecans (Carya illinoinensis) and other tree nuts have received recent attention for their
health benefits. The antioxidant content of pecans is thought to inhibit and even decrease
total lipid and low density lipoprotein (LDL) oxidation in plasma and serum. There has
been no previous research on how a pecan meal influences post-prandial antioxidant
responses. Sixteen healthy subjects participated in our randomized 3x3 crossover study.
A test meal of whole pecan, ground pecan or purified olive oil (control) was given to
each subject immediately after a baseline blood draw. Blood specimens were collected
thereafter at 1-, 2-, 3-, 5-, 8-, and 24-h. The study was split into 2 phases, with 8 subjects
in each phase. Results were said to be significant at p=<0.05 Total polyphenols reached
the highest level at 5-h after the baseline draw for the pecan meal. The ORAC and FRAP
assays each reached their highest level at 2-h (ground pecan,/?=0.001 and whole pecan,
/?=0.002). TEARS decreased the greatest at 8-h (£>=0.013) and oxidized LDL at 3-h
(/7=0.018). Our results indicate that antioxidants found in pecans may increase
antioxidant capacity and ability, and therefore decrease oxidative stress. Regular
consumption of pecans may contribute to a reduction in chronic and age-related diseases.
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Introduction
Pecans (Catya illinoinensis) and other tree nuts have been commonly consumed
for centuries; however, only recently has interest in nuts as an important food group been
considered (Polles, 1981; Villarreal-Lozoya, 2007). Studies have indicated several health
benefits from incorporating nuts into the daily diet. Tree nuts are an important source of
phenolic compounds that contribute to plasma antioxidant capacity (E. Haddad, 2006;
Torabian, Haddad, Rajaram, Banta, & Sabate, 2009). However, there has been very little
investigation into the contribution of dietary nut to antioxidant protection and reduction
in cardiovascular risk.
Polyphenolics have shown to possess free radical-scavenging and metal-chelating
activity in addition to their reported anticarcinogenic properties. These plant-based,
nonnutrient phytochemicals may have a protective effect on the susceptibility of LDL to
oxidative modification and ultimately, on atherosclerosis (E. Matuschek, 2002). It is
unclear whether diet-derived polyphenolics can indeed influence the atherogenic process
in vivo, but it is thought that the antioxidant potential of plant foods may be one factor in
reducing cardiovascular risk (E. Matuschek, 2002). In fact, a correlation between nut
consumption and a reduced incidence of ischemic heart disease has been observed, most
notably by the Adventist Health Study, the Iowa Women's Health Study, and the Nurses'
Health Study (G. E. Fraser, Sabate, Beeson, & Strahan, 1992; G. E. Fraser, Strahan,
Sabate, Beeson, & Kissinger, 1992; Kelly & Sabate, 2006; Sabate & Fraser, 1994;
Sabate, Ros, & Salas-Salvado, 2006).
Pecan polyphenolics are found in the highest concentration in the pellicle, the thin
tan-brown "skin" that lines the meat of the nut (Gu, et al., 2004). [The major polyphenols
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in pecans are anthocyanins (cyanidin) and anthoxanthine (flavonols, flavones, flavanols,
flavonones and isoflavones).] Flavanols exist both in the monomer form (catechin,
epicatechin) and in the polymer form (proanthocynidins, also known as condensed
tannins). Pecans contained 20.16 mg/L gallic acid equivalent (GAE) of total plasma
polyphenols (Wu, et al., 2004). It has been reported that pecans rank highest among all
nuts and are among the top category of foods for total anti-oxidant capacity (TAG) 1 oz
of pecans contained 5,095 TAG (Xiuzhen H, 2007).
Little is known from human experimental studies about the contribution of
bioactive components from pecans and other tree nuts to antioxidant protection in the
body. Anderson et al. tested walnut extracts for total antioxidant activity in vitro and
reported that the extracts inhibited plasma and LDL oxidation and reduced thiobarbituric
acid reactive substances (TBARS) (Anderson, et al., 2001). Wu et al. applied the oxygen
radical absorbance capacity (ORAC) assay to screen hundreds of plant foods including
many nuts. In the ORAC assay, pecan total antioxidant activity averaged 179.4 micromol
of trolox-equivalent per gram compared to 135.4 micromol of trolox-equivalent per gram
for walnuts (Wu, et al., 2004). However, no studies have reported whether the
consumption of pecans influences postprandial antioxidant capacity of plasma and other
lipid oxidation biomarkers.
The primary purpose of this study was to measure the effect of a pecan test meal
on postprandial concentrations of oxidized lipids, oxidized LDL, protein carbonyls and
on biomarkers of plasma antioxidant capacity. This study also sought to determine the
achievable concentration of pecan flavanols and their peak plasma concentration by
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monitoring their appearance in the bloodstream over time and to identity urinary
excretion products of pecan flavanols.
Materials and Methods
Subjects
Sixteen healthy, non-smoking men and women 19-65 y with a body mass
index (BMI) <35 kg/m2 were recruited from Loma Linda University (Table 1). The
women in the study were not pregnant or lactating. Subjects were not taking any dietary
supplements or medications during the study nor were they habitual coffee or tea
drinkers. Subjects were not allergic or sensitive to tree nuts. Approval by the Institutional
Review Board was obtained and testing protocols were clearly explained to participants.
Participants provided their written informed consent. All 16 subjects completed the study.
Study Design and Diet
The postprandial response to a test meal (breakfast) containing pecans
(provided by the National Pecan Shellers Association) on antioxidant status in plasma
was assessed and compared using a 3x3 crossover study design. Three interventions were
given to each of the 16 subjects during the three-week study. Subjects were randomly
assigned to one of the three possible treatment sequences (Table 2). The test meals
containing nuts provided 100% of total energy intake for breakfast (100 g pecans). The
control meal was similar in macronutrient composition to the pecan meals (Table 3). The
menus were designed by the researchers and prepared by a kitchen staff then served in
our own metabolic kitchen. Water was the only beverage allowed and participants were
advised to remain sedentary during the 3 days of intervention.
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Blood and Urine Collection
A polyphenol-free diet was administered to each participant one day one
of the study. On day two, the day of the test meal, an overnight fasting blood draw was
taken first thing in the morning from each participant; the test meal was given
immediately after. Blood samples were collected 1-, 2-, 3-, 5-, and 8-hours after the test
meal. The 8-h draw was taken following a polyphenol-free lunch. Overnight fasting
blood was collected again on day three. Each blood specimen was collected by
venipuncture using a butterfly needle. Serum and plasma samples were aliquoted into
vials and immediately stored at -80° C until analysis. Urine was collected on the 2nd day
of testing. Urine was collected until 12 hours following consumption of the test meal,
designated as the "first 12-hour urine". The "second 12-hour urine" included all overnight
voids and the first void the next morning. Both collections were mixed in equal
proportions to represent the total 24-hour excretion. Urine samples were collected in
plastic bottles containing Ig/L sodium metabisulfate as preservative and immediately
stored at -80° C until analysis.
Total Plasma Polyphenols
Plasma phenolic content was measured using the Folin-Ciocalteau (FC)
colorimetric assay described by Serafini et al.(Serafini, Maiani, & Ferro-Luzzi, 1998).
The reagent used in this assay, a mixture of phosphmolybdate and phophotungstate,
works by oxidizing phenolates found in the samples. The acids from the FC reagent are
thus reduced, creating a blue color. Total phenolic antioxidant capacity is determined by
measuring the samples at a wavelength of 765 nm.
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Selected Polyphenols
Testing of select polyphenols (Catechin Panel) in plasma samples was
contracted out to Brunswick Laboratories. Catechin concentrations were analyzed using
liquid-chromatography-mass-spectrometry (LC-MS) systems (Takino, Daishima,
Yamaguchi, & Nakahara, 2003).
Antioxidant Capacity
Two methods were used to assess the total antioxidant capacity of plasma:
(1) Ferric ion-reducing ability of plasma (FRAP); and (2) Oxygen radical absorbance
capacity (ORAC).
The FRAP assay is a direct test for total antioxidant ability, or power. A change in
absorbance of a ferric tripydyltriazine complex is measured at 593 nm. This change is
directly related to the total antioxidant power of the reaction mixture. For our study, we
used a FRAP assay as described by Benzie et al.(Benzie & Strain, 1996). Only slight
modifications were made to this procedure. The plasma samples were diluted with
distilled water (5: 1; FLO: plasma). A Trolox stock standard (0.002 M) was diluted to
three working standard concentrations of 0.2 pM, 0.1 pM, and 0.05 pM. Plates were set
to shake for five minutes then read at the suggested 593 nm.
The ORAC assay depends on the free radical damage to a fluorescent probe
through the change in its fluorescence intensity. The change of fluorescence intensity is
an index of the degree of free radical damage. Inhibition of free radical damage in the
presence of an antioxidant, which is reflected in the protection against the change of
probe fluorescence in the ORAC assay, is a measure of its antioxidant capacity against
the free radical. This assay utilizes a biological relevant radical source and is the only
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method that combines both inhibition time and degree of inhibition into simple quantity.
ORAC, as developed by Cao and Prior (Cao & Prior, 1999; Prior, et al., 2003) and
recently modified by Prior et al (Prior, et al., 2003), was used to analyze total antioxidant
capacity of both plasma and urine.
Biomarkers of Lipid and LDL Oxidation
Plasma and urine malondialdehyde (MDA) was quantified using a method
based on formation of thiobarbituric acid reactive substances (TEARS) with reversedphase HPLC separation and fluorescence detection as developed by Templar et
al.(Templar, Kon, Milligan, Newman, & Raftery, 1999). The purpose of the reversed
phase method is to separate the MDA-(TBA) complex, which allows for a more accurate
quantification of MDA. Liquid chromatographic analyses were performed using
Fluorescence HPLC monitor RF-535, Liquid Chromatograph LC-10AT, and Auto
Injector SIL-10AD (Shimadzu). A reversed phase column (150x3.20 mm 5 micron) was
used (Phenomenex), with a peak time at approximately five minutes.
Plasma oxidized LDL concentrations were determined using an enzyme-linked
immunoassay kit (ALPCO Diagnostics), which specifically tests for MDA-modified
LDL.
Materials and Microtiter Plate Detection
Synergy HT plate reader (Bio-Tek Instruments, Inc.) and Gen5 1.05
software were used to read Microtiter plates for oxidized LDL, FRAP, and FC assays.
The ORAC plates were read using FLx800 Microplate Fluorescence Reader (Bio-Tek
Instruments, Inc.). Materials were purchased from VWR International and reagents were
purchased from Sigma-Aldrich Co Ltd.
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Statistical Methods
All statistical analyses were performed using the software SAS version 9.1
from SAS Institute. Differences were considered significant at a P-value of <0.05.
Results were expressed as means + SDs and means + SEs. Changes between baseline (0
h) and different time intervals among groups were examined using repeated-measures
ANOVA. The difference between treatment groups and control group, and also the
effects of intervention on outcome parameters were analyzed by one-way ANOVA. Fivehour area under the curve (5-h AUC) was analyzed when appropriate.
Results
Polyphenol Content in Plasma Samples
Results from the FC colorimetric assay in gallic acid equivalents revealed
that the maximum levels of total polyphenols were reached at 5-h after ingestion of both
pecan meals (1.60 ± 0.75 pmol GAE/L plasma for whole pecan and 1.69 ± 0.93 pmol
GAE/L plasma for ground pecan). While there was an apparent increase in total plasma
polyphenols from baseline following the pecan meals, no significant differences were
observed. There was a noticeably higher concentration of polyphenols from the pecan
meals than from the control meal. The diets were compared for 5-h AUC, which showed
a significant difference in phenolic content between the ground pecan and the control diet
(p^O.027). Table 4 shows the result of the FC colorimetric assay.
Selected Polyphenols
To examine if there was a significant change in select polyphenols
following the whole pecan diet from baseline through 8-h, a mixed model approach was
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used with repeated measures over time. The compound symmetric covariance structure
was chosen to be the most appropriate.
Epigallocatechin gallate at 2-h was significantly higher than baseline {p = 0.001).
Epicatechin gallate was significant at 2- and 3-h {p = 0.03, and p = 0.02, respectively)
and catechin gallate was significant at 2- and 3-h (p = 0.01, and p = 0.001, respectively).
Total catechin at was significantly higher than baseline at 1-h (/? = 0.005). No significant
changes were observed for epigallocatechin, epicatechin, or gallocatechin gallate from
baseline through 8-h, however they were noticeably higher from the baseline at 2-h.
Table 5 shows the results of the selected polyphenols.
Total Antioxidant Capacity
A significant increase in plasma antioxidant capacity at 1- and 2-h after
baseline of the whole pecan test meal was observed by use of the FRAP assay. Although
not significant, there was an increase in plasma antioxidant capacity of the ground pecan
diet following the baseline measurement. The FRAP measurements were highest 2-h after
whole pecan ingestion (1.94 ± 0.48 pmol/L), and 24-h after ground pecan ingestion (1.72
± 0.26 pmol/L) (Table 4). There were no significant differences in FRAP between the
ground pecan and the control diet or the whole pecan and the control diet.
The ORAC assay was used to test both hydrophilic and lipophilic components of
plasma. Following the test meals, total plasma antioxidant capacity increased
significantly from baseline to 2- and 3-h in both components of plasma. Both hydrophilic
and lipophilic plasma reached their highest value of 16.88 ± 2.95 pmol/L and 86.72 ±
13.73 pmol/L, respectively, at 2-h following the whole pecan meal, and 16.07 ± 2.47
pmol/L and 86.72 ± 13.73 pmol/L following the ground pecan meal (Table 4).
71

Significant differences were detected (5-h AUC) between the ground pecan and the
control diet (hydrophilic; p^O.Ol), (lipophilic; /?=0.0002), and between the whole pecan
and the control diet (hydrophilic; p=0.0002), (lipophilic; /?=<0.0002).
Postprandial Lipid and LDL Oxidation in Plasma
The TEARS results from the ground pecan and whole pecan meals were
combined to provide a total pecan meal analysis. TEARS values were adjusted by
dividing by triglycerides (TAG) to account for variations in subject TAG levels. The
combination of the pecan meals was compared to the control meal using a mixed model
approach with repeated measures over time. Percent decrease was significant from
baseline at 3-, 5-, and 8-h following the pecan meal. The control meal, however, showed
no significance (Table 4).
Percent change in ox-LDL (using least squares means) over 24-h after the pecan
meal was determined using a mixed model statistical approach with repeated measures
over time. The whole pecan meal only was compared to the control. A significant
decrease in ox-LDL from baseline was found at 2-h (-29.6%,/?=0.025), 3-h (-33.3%,
/?<0.018), and 8-h (-26.3,/?=0.045) following the whole pecan meal (Table 6). The 2-h (31.5%, p=0.02), 3-h (-29.8%/?=0.04), and 8-h (-27.6%, p^O.031) draws also showed a
significant decrease in LDL to cholesterol ratio. No significant changes from baseline
were observed within the control meal group for either the ox-LDL or ox-LDL:
cholesterol ratio. Five-h AUC was used to compare the control meal with the whole
pecan meal. There was a significantly greater decrease in ox-LDL following the whole
pecan meal than after the control meal within the five hours (p^O.04).
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Urinary Indices
TEARS and ORAC excretion in urine were each analyzed and compared
using a mixed model approach within each pecan meal group and the control meal group,
controlling for period effect (week 1, 2, 3). Subject nested within sequence was also
added into the model as a random effect. There were no significant changes in urine
TEARS or ORAC following any of the three meals (Table 7).
Discussion
Food antioxidants have been widely researched for their health benefits in relation
to many chronic diseases. A reduced risk of both fatal and nonfatal ischemic heart disease
with nut consumption has been observed (G. E. Fraser, Sabate, et al., 1992; M. L. Fraser,
Mok, & Lee, 2007; F. B. Hu, et al., 1998; M. Hu, 2007; Kushi, et al., 1996). The
tocopherol (especially a- and y) and polyphenolic content of pecans may be two factors
contributing to these findings (Engelhart, et al., 2002; Mayne, 2003). There was a
noticeable, if not significant increase in FC, FRAP, and hydro- and lipophilic ORAC
assays, further indicating that pecans may cause an increase in antioxidant content and
power in the bloodstream.
Total lipid and LDL oxidation has been recognized to contribute to the age-related
development of cardiovascular disease and cancer (Halliwell, 2000; Riemersma, RiceEvans, Tyrrell, Clifford, & Lean, 2001). Prevention or inhibition of this type of oxidation
may lower the risk of developing atherosclerotic lesions (Aviram, 1993; Steinberg, 2005).
Incorporating pecans into the diet has shown to decrease plasma total- and LDLcholesterol (Morgan & Clayshulte, 2000; Rajaram, Burke, Connell, Myint, & Sabate,
2001). The findings of this study help to validate that both total lipid and LDL oxidation
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may decrease following pecan consumption. It is interesting, however that while both oxLDL and TEARS decreased during the first two or three hours following the pecan test
meals, they increased between three and five hours, but were followed by another
decrease. The main polyphenols found in pecans are proanthocyanidins, which have a
high molecular weight, thus making absorption in the small intestine rather inefficient.
Because of their poor absorption, proanthocyanidins may only exert activity in the
gastrointestinal tract or with the help of phenolic acids produced through microbial
degradation (Manach, Scalbert, Morand, Remesy, & Jimenez, 2004; Silberberg, et al.,
2006; Torabian, et al., 2009). Those proanthocyanidins, along with other polyphenols that
do have the potential to absorb into the blood stream may do so at varying rates, which
would help to explain the increase and decrease phenomenon seen in our oxidation
analyses. Research has indicated that only a small amount of proanthocyanidins are
needed to exert powerful antioxidant activity in plasma, therefore even our seemingly
insignificant increases in plasma catechins may provide significant health
benefits(Deprez, et al., 2000; Scalbert, et al., 2000).
While the pecan diets for this study included 100 grams of pecans in one sitting, a
reasonable 43 grams or 1.5 ounce (approximately one handful) per day is recommended
by the U.S. Food and Drug Administration to receive similar benefits. The ground pecan
meal and whole pecan meal groups in this study provided essentially the same results.
While ground pecans are assumed to be more bioavailable than whole, the act of chewing
may cause whole pecans to become equally bioavailable.
In support of our hypothesis, the results to this study reveal that pecan
consumption may, in fact, increase plasma antioxidants and thus reduce oxidative stress.
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To our knowledge, ours is the first study to report on post-prandial antioxidant responses
to a pecan meal. Further research to determine whether the tocopherols from pecans are
absorbed into the bloodstream after ingestion would provide stronger evidence to the
effects of pecans on antioxidant status. The varying rates of polyphenol metabolism
should also be of interest in future studies.
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Table 1. Baseline Characteristic of Study Participants1
Characteristic of Study Female (N=10) Male (N=6)
Participants
Age (year)
27.5±5.8
32.2±8.7
Weight (kg)
58.6±8.1
73.9±14.7
Height (cm)
163.3±6.5
172.3±10.6
BMI (kg/m2)2
22±3.1
25.2±6.3
All results are expressed in mean± SD, n=16
2 Body Mass Index (BMI) calculated as kg/m2
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Table 2. Dietary Intervention

Treatment
Sequence
1
2
3

Week 1

Week 2
Test Meal

Week 3

Control
Ground Pecan
Whole Pecan

Whole Pecan
Control
Ground Pecan

Ground Pecan
Whole Pecan
Control

77

Table 3. Nutrient Composition of the Test Meals1
Whole Pecan/
Control (g)
Ground Pecan ( 90 g)
Energy (kcal)
622
616
Fat
64.77
64.01
Carbohydrate
12.47
12.06
Protein
8.25
8.7
Vitamin E*
1.26
0.89
Total Polyphenols+
63.89±3.26
ND
Proanthocyanidins#
445
ND
i
Nutrient composition for test meal only (breakfast). Milligram (mg) of total vitamin E
per 620 kcal.
+Total polyphenol data expressed as gallic acid equivalents per gram (mg g)l GAE).
M Concentration of proanthocyanidin (PA) in common foods (mg per 100 g fresh weight)
2 ND, values are below the detectable concentrations.
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Table 4. Plasma Total Polyphenols Concentrations, Total Antioxidant Capacity and
Lipid Peroxidation in Human Subjects Before and After Consuming Whole Pecan,
Ground Pecan, and Placebo (Control) Meals.
Diet

Time
(Hours)

Plasma
Polyphenol
(p.mol GAE/ L
plasma)2

Plasma Total Antioxidant Capacity
(p.mol/L)

Plasma Lipid
Peroxidation
(p.mol
MDA/L)

FC1

ORAC Hydro1

ORAC Lipo1

FRAP1

TBARS

1.47 ±0.57
1.3710.57
1.4010.38
1.41 ±0.53
1.4610.60
1.5310.81
1.5210.59

14.12± 1.77
14.18± 1.96
14.67 ±2.36
14.62 ±2.21
14.27 ±2.13
15.38 ±2.20
13.78 ± 2.16

73.53 ±12.57
74.73 ± 12.61
75.78 ±12.32
76.31 ± 12.26
75.27 ± 12.15
78.49 ± 11.94
72.72 ± 13.81

1.7910.31
1.7410.39
1.6510.27
1.6810.32
1.7410.40
1.8510.48
1.7610.34

0.180 ±0.065
0.165 ±0.060
0.166 ±0.046
0.169 ±0.058
0.177 ±0.066
0.168 ±0.059
0.166 ±0.043

1

1.4510.65
1.5310.58

15.05 ±2.45
15.33 12.64*

79.82 ± 14.29
80.42 ± 14.23*

1.7910.45
1.9010.35*

0.169 ±0.058
0.158 ±0.056

2

1.5910.69

16.88 ±2.95*

86.72 ± 13.73*

1.9410.48*

0.157 ±0.051

3

1.5510.82
1.6010.75
1.5310.68
1.5610.72

16.57 ±3.08
15.37 ±2.70
16.16 ± 3.10
14.62 ±2.86

84.34 ±
81.66 ±
81.23 ±
76.39 ±

1.8910.42
1.8510.32
1.9010.52
1.8810.41

0.154 ±0.051*
0.152 ±0.062*
0.152 ±0.054*
0.159 ±0.061

0

1.6010.89
1.6310.81

14.40 ± 1.76
14.92 ±2.16*

78.69 ± 12.16
80.36 ± 12.34*

1.8810.34
1.83 10.40

0.134 ±0.035
0.146 ±0.045

2

1.5710.72

16.07 ±2.47*

86.33 ± 13.29*

1.8010.45

0.144 ±0.052

3

1.6810.85
1.6910.93
1.5910.67
1.6610.92

15.81 ±2.89
15.28 ±2.98
16.40 ±2.77
14.10 ± 2.72

82.98 ±
81.36 ±
83.25 ±
75.91 ±

1.8910.70
1.8310.45
1.8610.39
1.7210.26

0.145 ±0.038
0.145 ±0.039
0.144 ±0.033
0.168 ±0.038*

Control
0

1
2
3

5
8

24
Whole Pecan
0

5
8

24

12.34
13.03
10.13
12.36

Ground
Pecan

5
8

24
i

Values are means 1 Std. Dev; n =16
2 Gallic Acid Equivalents
* Significantly different (P<0.05) from baseline
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13.59
12.88
12.11
13.12

Table 5. Plasma Concentrations of Selected Polyphenols on Ground Pecan Diet Qimol/L)*

Epigallocatechin

Hour 0

Hour 1

Hour 2

Hour 4

Hour 8

0.44±1.73

7.33±1.88

2.59±1.72

2.50±1.72

1.39±1.72

Epicatechin
2.99±1.99 3.21±2.17 2.27±1.99 0.10±1.99 9.90±1.99
Epigallocatechin Gallate7.30±10.15 77.28±11.06*25.60±10.15 14.79±10.159.13±10.15
Gallocatechin Gal late

0.23±0.81

3.16±0.89

1.30±0.82

0.99±0.81

1.69±0.81

Epicatechin Gallate

1.84±2.53

6.67±3.03*

5.87±2.53* 3.56±2.53

1.68±2.53

Catechin Gallate
Total Catechin

0.03±0.80 1.07±0.59* 1.59±0.80* 0.24±0.80 0.32±0.80
17.45±14.3797.96±15.65*39.21±14.3823.06±14.3724.11±14.37

*Mean ± Std
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Table 6. Plasma Log Oxidized-LDL (ng/ml) and Log Oxidized-LDL: Cholesterol Ratio
(ng/ml) in Human Subjects Before and After Consuming Whole Pecan, and Placebo
(Control) Meals.
Hours

0
1
2
3
5
8
24

Mean Plasma
LogOx-LDL (ng/ml)
Control
3.942±0.832
3.708±1.448
3.760±1.194
3.807±0.925
3.834±1.094
4.039±1.363
3.888±1.062

Mean Plasma LogOx-LDL
Cholesterol ratio (ng/ml)

Whole Pecan
4.431±1.114
4.288±1.176
4.080±1.403*
3.731±1.017*
4.026±1.424
4.358±1.235
4.125±1.377*

Control
-1.232±0.961
-1.447± 1.525
-1.447±1.323
-1.449±0.980
-1.399±1.151
-1.114±1.504
-1.283±1.202

i

Values are least square means ± standard errors.; n =16
* Significantly different (P<0.05) from baseline
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Whole Pecan
-0.828±1.239
-0.998±1.302
-1.207± 1.190*
-1.107± 1.445*
-0.926± 1.328
-1.150± 1.470*
-0.831±1.416

Table 7. Urine Concentration of Thiobarbituric Reactive Substances (TEARS) and
Oxygen Radical Absorbance Capacity (ORAC) i
Diet

Time
(Hours)

Urine TEARS and ORAC
TBARS(pmol
ORAC(pmol/L)
MDA/L)

Control
1st 12-h
2nd 12-h
24-h Total

0.536 ±0.575
1.531 ± 1.453
0.889 ±0.690

99.77 ± 11.89
113.42 ±.17.28
108.92 ±14.59

1st 12-h
2nd 12-h
24-h Total

0.424 ± 0.275
0.882 ± 0.422
0.544 ± 0.263

105.01 ±13.03
114.51 ±13.89
112.16 ±14.76

1st 12-h
2nd 12-h
24-h Total

0.450 ±0.196
1.102 ± 0.737
0.784 ±0.456

100.53 ±7.82
120.03 ±23.53
110.94 ±16.14

1st 12-h
0.573 ±0.563
2nd 12-h
0.812 ±0.432
24-h Total
0.711 ±0.418
Values are means ± Std.Dev, n =16

109.03±17.46
114.74±15.70
111.40±16.70

Whole Pecan

Ground Pecan

Walnut

i
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Abstract
Walnuts and fatty fish are known for their high amounts of polyunsaturated fatty
acids, which have shown to decrease the incidence of cardiovascular disease. Walnuts
and fatty fish may contain other nutrients such as antioxidants that also help with the
reduction of cardiovascular disease. The purpose of this study was to compare the effects
of dietary walnuts and fatty fish on plasma and urine concentrations of oxygen radical
absorbance capacity (ORAC). Twenty-five subjects participated in this randomized 3x3
crossover study under controlled metabolic feeding conditions. Subjects consumed 3
isoenergetic diets including a control diet (not nuts or fish), a walnut diet (1.5 oz/day of
walnuts, 6 time/week), and a fish diet (8 oz/week of salmon) for four weeks each. Blood
specimens were collected at baseline and at the end of each diet period. Results showed
plasma hydrophilic ORAC was significantly higher in the walnut diet than the control
diet and the fish diet (p < 0.0001). Urine ORAC was significantly higher in the walnut
diet and the fish diet than the control {p < 0.0001). Foods hydrophilic/lipophilic ORAC
were significantly higher in the walnut diet than the control diet and the fish diet {p <
0.0001). Walnuts were high in antioxidant capacity, therefore including walnuts in the
daily diet may be beneficial to maintain antioxidant status in the body.
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Introduction
The human body is constantly being exposed to reactive oxygen species, which is
characterized by the presence of molecules that carries unpaired electrons that may
damage cellular molecules and structures. These reactive oxygen species can trigger other
reactions in the cells, resulting in significant damage to the entire tissue, known as
oxidative stress (Banach, Dong, & O'Brien, 2009; Lehucher-Michel, et al., 2001; Niki,
2000). It is thus important that the body achieves routes to combat the effect of reactive
oxygen species. At the front line of defense are the antioxidant enzymes, which directly
interact and stabilize the highly reactive oxygen molecules. Other antioxidant
compounds can be derived from the daily diet, including foods such as fruits, vegetables,
nuts and fish (Anderson, et al., 2001; Pellegrini, et al., 2006; Rajaram, Haddad, Mejia, &
Sabate, 2009).
Due to the great variation and selection of food items in our diet, there is a need to
determine the actual antioxidant capacity of each particular food item (Bonnefoy, Drai, &
Kostka, 2002). To date, several databases have been constructed to present different food
items with their corresponding antioxidant capacity, measured by any of the three
common approaches, namely the reduction of ferric molecule, the trolox equivalent, and
the amount of oxygen radicals (Niki, 2000). The actual concentration of the antioxidant
compound does not directly show its antioxidant capacity, and this is mainly due to the
reduction and oxidation reactions that occur between other molecules that are derived
from other food items in a meal (Hu, 2003; Oliveira, et al., 2008). There are also
variations in the chemical compositions of the same species of fruits, mainly depending
on the geographical origin.
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There is a growing interest in two particular food items that are considered to
impart antioxidant effects after consumption. Walnuts and fish are two food sources that
have been determined to contain polyunsaturated fatty acids that could actually be
beneficial to the body by imparting antioxidant effects upon consumption. (Chan & Cho,
2009; Hu, 2003; Rajaram, et al., 2009; Torabian, Haddad, Rajaram, Banta, & Sabate,
2009). It has previously been established that ingestion of nuts was correlated with a
lowered incidence of heart disorders (Hu & Stampfer, 1999; Kelly & Sabate, 2006; Nus,
Ruperto, & Sanchez-Muniz, 2004; Sabate & Fraser, 1994; Sabate, Ros, & Salas-Salvado,
2006). This particular effect is based on the reduction in the level of low-density
lipoproteins, which is replaced by the fatty acids that are present in nuts (Nus, et al.,
2004; Tapsell, et al., 2004). This significant reduction results in the prevention of
cardiovascular disorders, which are mainly caused by an accumulation of lipids in the
blood. Nuts are also known to contain other beneficial components such as fiber and
essential vitamins (Hu, et al., 1998). The main component in nuts that is responsible for
lowering plasma lipid levels are the polyphenols (Davis, et al., 2007; Hu, 2003). The
effects of consumption of walnuts are quite rapid, wherein plasma polyphenol levels
increased after approximately 90 minutes of consumption of the nuts (Torabian, et al.,
2009). Antioxidant capacity was determined to be at its highest level within 150 minutes
after ingestion of the walnuts. The amount of plasma lipids also markedly decreased
within 90 minutes of consumption of a meal containing walnuts(Torabian, et al., 2009).
Fatty fish or fish oils are known to contain omega-3 fatty acids, which are carbon
chains that are beneficial to the human body (Chan & Cho, 2009; Rajaram, et al., 2009).
Research reports have accumulated in the last few decades describing the positive effects
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of these fatty acids on the cardiovascular system (Eilat-Adar, Lipovetzky, Goldbourt, &
Henkin, 2004; Einecke, 2003). One of the most studied fatty acids in fish is alpha
linolenic acid, which is also present in walnuts (Eritsland, Arnesen, Seljeflot, & Kierulf,
1995). Alpha linolenic acid was reported to decrease the triglyceride concentrations in
the plasma by approximately 50% (Jacobson, 2006). In addition, the decrease in the
triglyceride level was reported to be more dramatic if the subject showed a baseline
triglyceride level that was already high (Balk, et ah, 2006). It has been estimated that
when approximately one gram of fish oil is administered each day, an eight milligrams
per deciliter decrease in the triglyceride levels may result. Furthermore, individuals with
high baseline triglyceride levels may experience a decrease in triglyceride levels by
almost 27 milligrams per deciliter (Balk, et ah, 2006).
The recommendation of including fish in meals at least twice in our weekly diet
has been urged, yet it is important to understand that not all types of fish carry the same
amount of linolenic acid. For example, cod as well as catfish contain only a minimal
amount of linolenic acid (Eilat-Adar, et ah, 2004; Eritsland, et ah, 1995). On the other
hand, salmon contains five times as much linolenic acid as catfish. It is thus helpful to
know which fish species may provide more amounts of the beneficial fatty acids for
cardioprotective as well as antioxidative functions (Einecke, 2003; Jacobson, 2006).
Considering the research already done on fish and walnuts, it is interesting to
determine which of the two food items will provide more favorable effects on the human
body. In this paper, the comparative effects of walnuts and fatty fish will be described.
This study follows a recent report authored by Rajaram et al. (2009) (Rajaram, et ah,
2009), The effects of walnuts, as well as fatty fish, were examined in terms of the levels
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of lipids in the serum among individuals with either normal or high cholesterol levels.
The randomized study was conducted in approximately 25 adults that were given one of
three kinds of isoenergetic diets for four weeks. The isoenergetic diet was based on the
total fat content of 30% and less than 10% content for saturated fat. The control
isoenergetic diet did not include any nuts or fish in the meals, while the second diet
contained a precise amount of walnuts that was equivalent to 10.1 mJ, or equivalent to
42.5 grams. A third isoenergetic diet was the fish diet, which was mainly comprised of
113 grams of salmon, delivered twice in each week. The fasting serum lipid levels of the
participants were collected before and right after the experimental period. The clinical
study showed that the subjects who were given the walnut diet presented significantly
lower cholesterol and low-density lipoprotein levels than those given the control or the
fish diet. The lipid levels of subjects given the fish diet was, on the other hand, lower
than that of the control subjects (Rajaram, et ah, 2009).
Similar results were obtained from another study conducted by Tapsell et al.
(2004) (Tapsell, et ah, 2004), which included 30 grams of walnuts in the daily diet of
patients diagnosed with type 2 diabetes. The cholesterol levels of these subjects
decreased by approximately 10% after consuming walnuts for at least three months.
These reports indicate that walnuts may have a greater antioxidant capacity than fish, and
other varieties of nuts. In addition, chemical analysis showed that specific fractions of
the walnut provide variations in antioxidant capacity. According to Oliveira et al. (2008)
(Oliveira, et ah, 2008), the defatted portion of the walnut carried a greater capacity for
anti-oxidation than the extracted oil itself. The antioxidative effect of walnuts was
actually determined to be stronger than alpha tocopherol, resulting in the oxidation of
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low-density lipoproteins through the mediation of copper ions in the plasma (Anderson,
et ah, 2001; Davis, et ah, 2007).
Oxidative damage is considered as a major causative factor in the development of
cancer, as well as certain cardiovascular disorders (Anderson, et ah, 2001; Bonnefoy, et
ah, 2002; Lesgards, et ah, 2002). Damage due to oxidation may be due to environmental
and lifestyle changes such as smoking and exposure to air pollutants. These damages
may accumulate in the body and with the decrease in the capacity of the body to repair
and replace damaged cells, different types of medical disorders may ensue(Lesgards, et
ah, 2002). The presence of free radicals, especially that of the oxygen species, may
damage both cellular, and molecular structures that are essential in the normal
physiological functioning of tissues, organs and the rest of the human body. The
antioxidant capacity of walnuts and fatty fish has been investigated by several medical
researchers and a positive correlation has been established between the amount of
walnuts and fatty fish consumed and the plasma levels of lipoproteins. However,
comparative analysis has shown that walnuts have a greater effect in lowering the level of
low-density lipoproteins than fatty fish(Rajaram, et ah, 2009). As of yet, no studies have
reported comparing the influence of walnuts and fatty fish on antioxidant capacity of
plasma and urine following consumption. The purpose of this study was to compare the
effects of dietary walnuts and fatty fish on plasma and urine concentrations of oxygen
radical absorbance capacity (ORAC).
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Methods
Subjects
Twenty-seven volunteers participated in this study. Recruitment was
achieved through advertisements from Loma Linda, California and the surrounding
communities. All participants were screened through a multi-stage approach: telephone
screen, informational group meeting, independently interviewed twice by investigators
and a preliminary fasting blood lipid test.
Subjects, age 23 to 65 years, were normal to dyslipidemic, nonsmoking adults with
negligible alcohol intake (2 drinks per week or less) and no significant weight change
during the previous six months. Subjects were excluded if they were taking vitamin E
supplements, fish oil, or flaxseed oil, had a high daily intake of nuts (> 2 times/week),
drank caffeinated beverages (> 3 times/day), had endocrine or metabolic disturbances or
any chronic diseases, and/or had serum triglyceride above 300 mg/dL and serum
cholesterol up to 300 mg/dL.
All participants were required to maintain a consistent level of physical activity
throughout the study. All eligible subjects signed an informed consent document before
filling out medical and dietary questionnaires and having a screening serum cholesterol
determination. The study protocol was approved by IRB (Institutional Review Board),
Loma Linda University, Loma Linda, CA. Subjects received a modest monetary incentive
for completing the study. A total of twenty-five subjects completed the study (Table 1
and 2).
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Study Design
The effects of walnuts compare to fatty fish on plasma, urine, and food
concentrations of oxygen radical absorbance capacity was assessed and compare using a
controlled, single blind, randomized crossover (3x3 Latin-square) design. Twenty-seven
subjects were given one-week run-in periods to obtain a stable baseline. During the first
week run-in period, all subjects were given the typical US diet following the guidelines
of the Dietary Guidelines for Americans, with restrictions on intake of n-6 fatty acids
(Lee, & Nieman, 2003). Following the run-in period, subjects were assigned to follow
one of the three diets; control, walnut or fish, for 4 weeks each. All subjects were
randomly stratified on the basis of age, gender, body mass index (BMI), and baseline
serum cholesterol. There was a weekend break between the three diet periods (Table 3).
Dietary Intervention
Throughout the study, participants received all their meals from the
research staff. Breakfast and dinner were served daily at the U. D. Register Nutrition
Research Kitchen located at Loma Linda University and eaten in the presence of one of
the senior researchers. Lunch and snacks were packed and distributed at breakfast. All
foods and drinks were weighed and apportioned for each subject. Meals consisted of food
items prepared in customary ways and followed a 9-day weekday and 2-day weekend
menu cycle. To accommodate the different caloric needs of study participants, each meal
was portioned based on individual caloric needs for weight maintenance.
The experimental diets (control, walnut, and fish) were isoenergic and provided
an equivalent amount of total fat (32 -33 % of calories) and saturated fat (8 -9 % of total
calories). At the 2400 calorie level, the walnut diet included 1.5 oz of walnut, 6
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times/week, the fish diet included 8 oz of salmon per week (4 oz twice a week), and the
control diet included foods other than nuts and fatty fish. Nutrition composition of the
treatment diets show in Table 4.
The experimental diets did not include n-3 rich foods other than walnuts in the
walnut diet and fish oil in the fish oil diet. Excluded foods were soybeans, soy products,
soy oil, canola oil, flaxseed, and flaxseed oil.
Complete duplicate samples of the study diets were randomly selected on 10 days
during the study period. The samples were blended and a 5 % portion of each diet was
kept frozen at -80° C.
During all three diet periods, subjects were provided diaries to record their
lifestyle habits including activities, any signs of illness, medications used and any
deviation from their experimental diets. Assessment of dietary compliance was done by
direct observation during meal times and by weekly examination of subjects’ diaries.
Body weight without shoes was recorded daily during the run-in period and twice a week
thereafter. Daily energy intakes were recorded and adjusted when necessary to maintain
body weight.
Biological Data Collection and Laboratory Analyses
Blood was drawn from each subject a total of 8 times on two alternate
days (at the end of the run-in phase and at the end of each of the three experimental
periods). All blood draws were performed at the Department of Nutrition Assessment
Laboratory located at Loma Linda University. Subjects reported on the assigned days
after fasting for a minimum of 12 hours. An experienced phlebotomist drew the blood
and samples were centrifuged, aliquoted for the various assays, and stored immediately at
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-80°C in the Nutrition Biochemical Laboratory located at Loma Linda University. All
assays were performed at the end of the study to control for between assay variations.
Extra aliquots were stored for additional outcomes of interest that might arise during or
after the completion of the study.
Oxygen Radical Absorbance Capacity (ORAC) Assay
The ORAC assay depends on the free radical damage to a fluorescent
probe through the change in its fluorescence intensity. The change of fluorescence
intensity is an index of the degree of free radical damage. In the presence of antioxidant,
the inhibition of free radical damage by an antioxidant, which is reflected in the
protection against the change of probe fluorescence in the ORAC assay, is a measure of
its antioxidant capacity against the free radical. This assay utilizes a biological relevant
radical source and is the only method that combines both inhibition time and degree of
inhibition into simple quantity.
(Coa et al. 1993).
Extraction of Plasma Samples
Plasma or serum samples that had been stored at -80 ° C were thawed
slowly, mixed well on a vortex, and centrifuged if needed. Two hundred uL of plasma or
serum was transferred to a glass tube, 400 uL of ethanol and 200 uL of water was added
and mixed. One mL of hexane was then added, and mixed. The mixture was left to sit for
1-2 min or until two layers appeared, followed by centrifugation for 10 minutes at 3,000
rpm. Five hundred ul of the hexane layer was removed and added to a separate amber
tube. An additional 500 uL of hexane was added to the original tube, mixed, left to settle
for 2 min, and then centrifuged for 10 minutes at 3,000 rpm. Another five hundred ul of
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the hexane layer was removed and combined with the first extract. The combined hexane
extracts were dried down under nitrogen flow in preparation for lipophilic ORACfl
analysis. Any hexane remaining following hexane extraction of the aqueous plasma
sample was removed by drying under nitrogen. Then 800 uL of 0.5 M perchloric acid
was added to precipitate the protein. The sample was then centrifuged for 10 minutes at
3,000 rpm. The clear supernatant was removed to a new amber tube.
Extraction of Urine Sample
Urine samples were taken out of the freezer, thawed, vortexed and
centrifuged. Four hundred microliters of urine sample was pipetted into glass tubes, 1 ml
of the hexane was added and vortexed for five minutes. The mixture was then centrifuged
for 10 minutes at 3,000 rpm and at 4C. Five hundred microliters of hexane was removed
from the hexane layer and transferred to new tubes. An additional 500 uL of hexane was
added to the original tubes, vortexed for 2 minutes and then centrifuge at 3000 rpm and at
4C. Eight hundred microliters of hexane from the hexane layer was removed and
combined with the first extract. The combined of hexane extracts were dried for
lipophilic ORAC analysis.
Eight hundred microliters of 0.5 M perchloric acid was added to the original tubes
to precipitate the protein. The sample was then centrifuged for 10 minutes at 3000 rpm
and 4C. Clear supernatant was removed to new tubes and stored if not used instantly.
Extraction of Food Samples
Five grams of food samples were distributed into 15-mL screw cap tubes.
Ten mL of hexane was then added to the tube, vortexed and centrifuged for 10 minutes.
Nine mL of hexane from the hexane layer was removed and transferred to a glass screw
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cap tube. The sample was mixed and then 8 mL of hexane was added, vortexed and
centrifuged for 10 minutes. Seven mL of hexane from the hexane layer was removed and
combined with the first extract. The combined hexane extracts were dried and stored in
the freezer for lipophilic ORAC analysis.
A ten mL mixture of acetone, water, and acetic acid with ratio of 70:29.5:0.5 was
added to the original tubes, vortexed and heated to 37C for 5 minutes. Tubes were then
held at room temperature for 10 minutes with occasional shakes. Tubes were centrifuged
for 15 minutes and stored in freezer if not used instantly.
Running the ORAC Assay
For hydrophilic, the dried hexane extract was dissolved in 5 mL of
acetone. Twenty-five microliters was taken out and diluted with 1 mL of 7% RMCD
solution (50% acetone/50%water, v/v). For lipophilic ORAC assay, 7% RMCD solution
was used as blank and to dilute Trolox standards. Forty microliters of 7%RMCD
solution, standards and samples were pipetted to 48-well microplate. Four hundred
microliters of fluorescein solution was added to each well and mixed on the shaker.
Microplate was then placed in the instrument which was kept warm at 37C and
programmed to inject 150 uL of fresh AAPH to each well.
As for hydrophilic ORAC assay, 100 uL sample was diluted in 10 mL phosphate
buffer in glass tubes. Phosphate buffer was used as blank and to dilute Trolox standards.
Forty microliters of phosphate buffer, standards and samples were pipetted to 48-well
microplate. Four hundred microliters of fluorescein solution was added to each well and
mixed on the shaker. Microplate was then placed in the instrument which was kept warm
at 37C and programmed to inject 150 uL of fresh AAPH to each well.
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Statistical Analysis
All data analyses were entered using SAS software, version 8.0 (SAS Institute
Inc, Cary, NC) by the study statistician and verified by the principal investigator. Results
were expressed as mean ± standard deviation of the mean (SD) concentration in plasma,
urine, and foods. A mixed model approach was used to compare plasma, urine
hydrophilic/lipophilic ORAC among the three diets (control, fish, walnut), controlling for
period effect (phase 1, 2, 3) and baseline measurement. Subject nested within sequence
was also added into the model as a random effect. The Kenward-Roger method was
employed to estimate denominator degrees of freedom for tests of fixed effects. TukeyKramer HSD tests were performed to detect significant pair-wise differences among three
diets.
Results
Plasma Hydrophilic/Lipophilic ORAC
Hydrophilic ORAC: There was highly significant diet effect {p < 0.0001).
Hydrophilic ORAC was significantly higher in the walnut diet than in the control diet {p
< 0.0001) or the fish diet (p < 0.0001). There was no significant difference in hydrophilic
ORAC between in the control and the fish diet (p = 0.426). Lipophilic ORAC:There was
no significant difference in lipophilic ORAC in the three diet treatments (p = 0.090)
(Table 5).
Urine ORAC
There was highly significant diet effect (p < 0.0001) urine ORAC was
significantly lower in the control diet than in the fish diet (p < 0.0001) or the walnut diet
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{p < 0.0001). There was no significant difference in urine ORAC between in the fish and
the walnut diets {p = 0.838).
Foods Hydrophilic/Lipophilic ORAC
Hydrophilic ORAC: There was highly significant diet effect (p < 0.0001).
Hydrophilic ORAC was significantly higher in the walnut diet than in the control diet (p
< 0.0001) or the fish diet {p < 0.0001). There was no significant difference in hydrophilic
ORAC between in the control and the fish diet (p = 0.789).
Lipophilic ORAC: There was highly significant diet effect (p < 0.0001)
Lipophilic ORAC was significantly higher in the walnut diet than in the control diet {p <
0.0001) or the fish diet {p < 0.0001). There was no significant difference in hydrophilic
ORAC between in the control and the fish diet (p = 0.977).
Discussion
Walnuts and fatty fish are food items known for their high amounts of
polyunsaturated fatty acids, which are considered as beneficial compounds to the human
body. It has been reported that consumption of nuts was strongly associated with a
decrease in the incidence of cardiovascular disease (Hu, et al., 1998). This specific result
is mainly influenced by the decrease in the concentration of low-density lipoproteins in
the blood, which in turn is substituted by the fatty acids found in nuts (Strahan, 2004).
This significant decrease influences the development of cardiovascular diseases, which
are generally derived through the accumulation of fat molecules in the blood. Nuts such
as walnuts have also been determined to be composed of other essential components,
including fiber, essential vitamins, phytosterols, and polyphenols. The main influential
component of nuts on decreasing levels of plasma lipids are the polyphenolic compounds
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(Hu, 2003). The results of ingestion of walnuts are very quick, wherein the amount of
plasma polyphenols increase after only one hour after ingestion of nuts (Torabian, et al.,
2009). Moreoever, capacity of antioxidation was observed to be at its greatest
concentration at approximately 150 minutes after consumption of nuts. The
concentration of lipids in the plasma was also significantly lowered after 90 minutes of
ingestion of a meal that contained walnuts.
On another vein, fatty fish meats are reported to be composed of omega-3 fatty
acids, which are structurally composed of chains of carbon atoms which are helpful to the
body (Chan & Cho, 2009). Research investigations have increased for a number of years,
providing descriptions of the beneficial effects of fatty fish meats on the cardiovascular
condition of human subjects. One of the most investigated fatty acids is linolenic acid,
which can be derived from walnuts (Eritsland, et al., 1995). Linolenic acid was described
to lower the concentration of triglycerides in the blood by half its magnitude (Jacobson,
2006). Moreover, the lowering of the concentration of triglycerides was observed to be
more effective if the individual had an elevated baseline concentration (Balk, et al.,
2006). It has been computed that when approximately one gram of fish oil is
administered daily, triglyceride levels may decrease by approximately 8 milligrams per
deciliter. In addition, individuals with elevated baseline levels of triglycerides may
develop a lowering in triglyceride concentrations by approximately 27 milligrams per
deciliter.
The recommendation of including fish meats into at least two meals per week has
thus been campaigned for, yet it is imperative to comprehend that not all species of fish
contain equivalent amounts of linolenic acid (Chan & Cho, 2009). For example, the
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codfish and the catfish are only composed of a small amount of linolenic acid. Moreover,
salmon meat contains 500% more linolenic acid than most fish species. It is thus
important to recognize which fish types may deliver significant amounts of these fatty
acids for cardiovascular protection, as well as antioxidation benefits. Based on these
reports, it is therefore imperative to understand that walnuts and fatty fish can result in a
healthy condition for the body. In a recent article by Rajaram et al. (2009) (Rajaram, et
al., 2009), walnuts and fatty fish, were investigated in terms of the lipid concentrations in
the serum samples of human subjects. These individuals showed either normal or high
levels of cholesterol. The random case-control study was performing using 25 adults
who were administered one of three types of isoenergetic diets for an entire month. An
isoenergetic diet is composed of 30% fat and 10% saturated fatty acids. The control
isoenergetic diet was not composed of any nuts, while the other diet was comprised of a
measured amount of walnuts (Tapsell, et al., 2004). A third isoenergetic region was
composed of approximately 113 grams of fish, administered twice a week. The fasting
serum lipid levels of the participants were collected before and right after the
experimental period. The clinical study showed that the subjects who were given the
walnut diet presented significantly lower cholesterol and low-density lipoprotein levels
than those given the control or the fish diet. The lipid levels of subjects given the fish
diet was, on the other hand, lower than that of the control subjects. The antioxidant
capacity of walnuts and fatty fish has been determined by several investigators and a
positive correlation has been observed between the amount of walnuts and fatty fish eaten
and the plasma levels of lipoproteins. However, comparative analysis have reported that
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walnuts have a more significant effect in decreasing the level of low-density lipoproteins
than fatty fish.
In this study, we compared the effects of dietary walnuts and fatty fish on plasma
and urine concentrations of oxygen radical absorbance capacity (ORAC). The results
showed that plasma hydrophilic ORAC was significantly higher in the walnut diet than in
the control diet or the fish diet. Urine ORAC was significantly higher in the walnut diet
and the fish diet than the control diet. Also, hydrophilic/lipophilic ORAC were
significantly higher in the walnut diet than the fish diet and the control diet.
In summary, the walnut diets appeared to have higher antioxidant capacity than
the fish diet. Walnuts are rich in many beneficial nutrients, including vitamin E (GammaTocopherol) and a wide range of polyphenol compounds that may potentially contributed
to antioxidant capacity. The health effects of walnuts may rely not only on blood lipid
changes, but also on antioxidant nutrients and bioactive components. Although
consumption of walnuts increased plasma and urine levels of ORAC, further study is
needed.

105

Table 1. Characteristics of the Study Subjects at Entry
Characteristics
N
Age (years)
Bogy Mass Index (kg/m2 )
Body weight (kg)
Serum lipids, mmoi/L
Total cholesterol
LDL cholesterol
HDL cholesterol
Triglyceride

Mean (range)
25
33 (23-65)
24.8 (18.7-36.6)
70.9 (51.5-115.8)
5.41
3.53
1.43
1.25

(3.4-7.76)
(1.82-5.66)
(0.88-2.33)
(0.66-3.33)

To convert cholesterol and triglyceride from mmol/L to mg/dL, multiply by 38.67 and 88.57, respectively.
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Table 2. Mean Body Weight and Body Mass Index in Each Diet Period1,2
Body weight (lb)
Body Mass Index (kg/m2)

Walnut diet
158.3±6.76
25.16±0.77

Fish diet
157.7±6.76
25.06±0.77

i

Control diet
157.8±6.76
25.08±0.77

Walnut diet; Fish diet; Control diet
2 All values are mean ± SEM; n=25, Differences were not statistically significant
(mixed linear models and Tukey’s least-squares means test)
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Table 3. Study Design

WeekO
1
Run in
1
period
Subjects 2
will be
randomly 3
assigned
to one of 4
six study
sequence 5
6

Experimental Design
2
3
4
5
6
7
8
9
Control Group W/O Walnut Group
Walnut Group

W/O

10
11
12
13
W/O Fish oil Group

Fish oil Group W/O

Control Group

Fish oil Group W/O

Control Group

W/O Walnut Group

Control Group W/O

Fish oil Group

W/O Walnut Group

Walnut Group W/O

Fish oil Group

W/O

Control Group

Walnut Group W/O

Control Group

Fish oil Group W/O

Blood Draw

XX

XX

W/O = Wash out
XX = Blood draw
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14

XX

Table 4. Nutrition Composition of the Treatment Diets1

Energy (kcal)
Total Fat (g)
Total Carbohydrates (g)
Total Protein (g)
Cholesterol (mg)
Total Saturated Fatty acids (SFA) (g)
Total Monounsaturated Fatty acids
(MUFA) (g)
Total Polyunsaturated Fatty acids
(PUFA) (g)
Total Trans-Fatty Acids (TRANS) (g)
Omega-3 Fatty Acids (g)
Total Dietary Fiber (g)
Total Vitamin A Activity
(Retinol Equivalents) (meg)
Vitamin D (calciferol) (meg)
Vitamin E (Total Alpha- Tocopherol) (mg)
Gamma-Tocopherol (mg)
Vitamin K (phylloquinone) (meg)
Vitamin C (ascorbic acid) (mg)
Thiamin (vitamin Bl) (mg)
Riboflavin (vitamin B2) (mg)
Niacin Equivalents (mg)
Vitamin B-6 (pyridoxine, pyridoxyl, & pyridoxamine)
(mg)
Dietary Folate Equivalents (meg)
Vitamin B-12 (cobalamin) (meg)
Zinc (mg)
Copper (mg)
Manganese (mg)
Potassium (mg)
T

Control
2400
79.02
346.89
87.36
339.05
25.07
36.12

Fish
2400
78.00
347.39
88.88
343.07
24.07
35.80

Walnut
2400
82.81
359.28
86.76
281.54
20.51
26.52

11.48

11.93

29.30

2.71
1.09
26.33
1427.14

2.55
2.07
26.15
1442.11

2.24
4.76
29.36
1429.52

2.82
7.26
7.43
141.20
211.77
1.92
2.22
25.28
2.09

6.24
7.70
6.92
118.54
206.99
2.00
2.34
25.17
2.36

2.60
7.82
16.12
136.09
227.61
2.07
2.21
25.04
2.25

740.48

736.53

795.76

3.95
11.23
1.71
4.07
3539.76

4.58
10.41
1.81
4.17
3700.97

3.48
11.61
2.37
5.45
3703.80

Calculated by The Nutrition Data System for Research (NDS-R) software,
version.03 31.2000
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Table 5. Descriptive Statistics of Plasma, Urine, and Foods ORAC*.
Plasma ORAC
(fimol/L)
N

Hydrophilic
ORAC

Control 23

170.71±1.48

Fish

24 172.29±1.65

Walnut 23

Diets ORAC
(pmol Trolox equiv/g)
Lipophilic
ORAC

Urine
ORAC
(pmol/L)
Hydrophilic
ORAC

196.97±1.47 1164.15±17.86

1155.96±36.47

81.07±9.56

198.19±1.91

1220.43±38.0

92.99±12.39

Lipophilic
ORAC

Hydrophilic
ORAC

1284.23±21.53

178.60±1.49 200.95±1.95 5674.18±95.33 5622.69±178.26 94.14±14.45

*Data presented as Means ± SD.
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CHAPTER 6
SUMMARY

A. Summary and Implication of Findings
Pecan {Carya illinoinensis) and other tree nuts have been commonly consumed
for centuries. However, only recently has interest in nut as an important food group been
considered. Pecans are an important source of polyphenols called proanthocyanidins.
Research has shown that selected polyphenols have protective effects on the
cardiovascular system, as well as anticancer, antiviral, and antiallergic properties
{Manach, 2004 #208}. This study examined the postprandial effects of pecan nuts
ingestion on plasma level of nutrients, polyphenolic compounds and biomarkers of
antioxidant status in human volunteer. The purposes of the study were 1) to determine the
impact of pecan consumption on concentration of total plasma polyphenols and their peak
concentration over time. 2) to measure the effect of a pecan diet on postprandial levels of
plasma lipid peroxidation and on plasma antioxidant capacity.
Results from the FC colorimetric assay in gallic acid equivalent. There was an
increase from all nuts diets from the baseline and reached the maximum levels of total
polyphenols at 5 hours. Only walnut show the significantly different at 5 hours from the
baseline. The diet were compared for 5 AUC, which showed a significant difference in
phenolic content between the ground pecan and the control diet with p-value of 0.02 and
between control and walnut with p-value of 0.03. Selected polyphenols such as
Epigallocatechin Gallate, Epicatechin Gallate, Catechin Gallate, and total Catechin
significantly increased after the consumption of pecan diets and reached their highest
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point at 1 hours after the test meal. And for Epicatechin Gattate and Catechin Gallate
both significantly incrased after 1 hours and 2 hours. At one hours after the test meals all
these polyphenols were in crease over 300% from the baseline and for catechin Gallate at
2 hours after the test meal even reach their highest at over 5000% from the baseline.
Following the test diets, hydrophilic ORAC increased significantly from baseline to 2 and
3 hours in all nut components of plasma. The hydrophilic components reached their
highest value at 2 hours following the whole pecan and ground pecan diet, and also the
same results for walnuts. For 5 hours AUC. Significant differences were detected in
hydrophilic plasma between the ground pecan and the control diet with p-value of 0.01
. between the whole pecan and the control diet with p-value of 0.0002 and for walnut and
control with p-value of 0.02. Lipophilic ORAC capacity increased significantly from
baseline to 2 and 3 hours in all nut components of plasma. Lipophilic components
reached their highest value at 2 hours following the whole pecan and ground pecan,
walnuts diets. For 5 hours AUC. Significant differences were detected in lipophilic
plasma between the ground pecan and the control diet with p-value of 0.0002, between
the whole pecan and the control diet with p-value of <0.0001, and for walnut and control
with p-value of 0.0002. There were no significant differences in ORAC urine. However
the levels were noticeably higher in all urine samples taken from the whole pecan, ground
pecan, and walnut diets in comparison to the control diet. Ferric Reducing Ability of
plasma showed A significant increase in plasma antioxidant capacity at 1 and 2 hours
after baseline of the whole pecan test meal Although not significant there was an increase
in plasma antioxidant capacity of the ground pecan and walnut diet following the baseline
to 3 hours. The results from the whole pecan and the ground pecan diet were combined
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for the TBARS analysis. We adjusted the values by dividing TEARS by triglyceride to
account for variations in triglyceride levels of each subject. While all diets tended to
show an initial reduction in TBARS, only pecan diet showed significance. The 3, 5, 8
hours draws for the pecan diet showed a significant decrease in TBARS from baseline.
TBARS began to increase again after 3 hours in the control diet, while the pecan diet
continued to show a decrease through the 8 hours draw. No significant change was
observed for any of the four diets. However, the nuts diet (ground pecan, whole pecan
and walnuts) had noticeably lower concentration of TBARS than the control diet for all
urine collections. No significant changes from baseline were observed for the control
diet. The whole pecan diet showed a significant reduction in Ox-LDL at 2,3, and 8 hours.
Walnut diet showed a significant reduction in Ox-LDL at 2, and 8 hours. LDL oxidation
increased between 3 and 5 hours for both pecan and walnut, however not back to the
baseline level. Significant differences were detected between the whole pecan and the
control diet with p-value of point 04 and between the whole pecan and the walnut diet
with p-value of point 02.
This study is the first study to report on postprandial antioxidant responses to a
pecan meal. Polyphenols may protect LDL oxidation and may reduce risk of
atherosclerosis, and also protect DNA from oxidative damage with important
consequence in the age-related development of some cancer. The increases in plasma
antioxidant capacity following pecan consumption may be physiologically important and
further study is needed.
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B. Limitations
The majority of the study population was healthy men and women so may not
apply to the whole population. Additionally, the lack of specific lab equipments, kept us
from analyzing polyphenols into individual subgroups for all diets. The main polyphenols
in pecans are proanthocyanidins with high molecular weight, absorption barely happens
in the small intestine, this results in slower absorption with low efficiency of
polyphenols. Also proanthocyanidins are very poorly absorbed and may exert only local
activities in the gastrointestinal tract or activity mediated by phenolic acids produced
through microbial degradation. The presence of polyphenols in plasma could be better
estimated by measuring 24-hour urine analysis.
C. Directions for Future Research
Further research to determine whether the tocopherols from pecans are absorbed
into the bloodstream after ingestion would provide stronger evidence to the effects of
pecans on antioxidant status. The varying rates of polyphenol metabolism should also be
of interest in future studies.
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The acute effects of nut ingestion on plasma levels of nutrients,
polyphenols and biomarkers of antioxidant status
Informed Consent
Purpose and Procedures
You are invited to participate in a research study designed to investigate the effects of eating nuts
cm human health in terms of antioxidant protection and reduction of free radical formation.
Your participation in three clinic sessions is required. The clinics will be held in Nichol Hall
Room A101 on three separate occasions within a period of 2 months or less. During the clinic
sessions, you will be expected to eat special meals prepared by the researchers, and to provide
blood and urine specimens. Each of the cl inic sessions will be begin on Tuesday and end on
Thursday after breakfast, On Tuesday, you will report to Nichol Hall Room A101 for breakfast,
lunch and dinner. All of your meals will be provided by the researchers and you will eat or drink
nothing other than the meals and snacks provided. On Wednesday, you will report to Nichol Hall
Room A101 at 7:00 am having had nothing to eat or drink after awakening except for water. At
that time, a blood sample will be collected from you by venipuncture and you will begin a 24hour urine collection. Following the blood draw, you will be provided with breakfast consisting
of either a nut-containing smoothie or a smoothie without nuts. Additional blood samples will be
collected at 8:00 am, 9:00 am 10:00 am and 12:00 pm, after which you will be provided with
lunch. The final blood draw for the day will be at 3:00 pm and supper will be provided at 5:00
pm. On Thursday, you will again report to Nichol Hall Room A101 at 7:00 am with your 24hour urine collection, at which time a blood sample will be collected and breakfast provided.
Approximately 20 ml or 1 1/3 tablespoons of blood will be collected at each blood draw.
The meals provided during the clinic sessions may contain the following foods: pecans, walnuts,
milk, nonfat milk powder, cream, cottage cheese, white cheese, egg white, white rice, white
bread, chicken (while meat), sugar and refined vegetable oil. On Tuesday and Wednesday of
each clinic session, you will not be given or allowed to eat fruits, vegetables, fruit or vegetable
juice, whole grains, cooked dried beans or lentils, chocolate, coffee, tea. red wine, or nuts other
Ufs-i*
than what is in the test meals.
Adventist /Lealik Sciences CmM?
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Subject initials __
Approved
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The acute effects of nut ingestion on plasma levels of nutrients, polyphenols and biomarkers of
antioxidant status - Informed Consent
Risks
There is a small possibility of developing an allergy to nuts. Possible complications with drawing
blood samples are slight pain and minor bruising at the point of needle insertion. Apart from the
blood draw, none of the other procedures are associated with risk or significant discomfort. The
committee at Loma Linda University that reviews human studies (Institutional Review Board)
has determined that participating in this study exposes you to minimal risk.
Benefits
The potential benefit of participating in this study is to learn more about the effects of nuts on
health. The potential benefit to health care professionals is increased knowledge of the
relationship of between eating nuts and protection from disease. The personal benefits are
minimal.
Costs/Compensation
Since completion of 3 separate clinic sessions is important to the success of the study, you will
receive a total of S200 at the end of your participation in 3 sessions each beginning on Tuesday
and ending on Thursday after breakfast. You will receive S50 if you withdraw after 1 or after 2
sessions but before completion of the study. There is no charge to you for any of the meals
provided or for any portion of this st udy.
Participants Rights
Participation in this study is voluntary, and you have the freedom to withdraw at anytime for any
reason without penalty.
Confidentiality
The information obtained in this study is confidential, and your name and identity will not be
disclosed in any published document.
Research Related Injury
In the unlikely event of physical injury, you may contact the principal investigator, Ella Haddad.
DrPR RD at 909-558-4598.
Third Party Contact
If you wish to contact an impartial third party not associated with this study regarding any
complaint you may have about the study, you may contact Patient Relations, Loma Linda
University Medical Center. Loma L inda. CA 92350, phone (909)558-4647 for information and
assistance.
Loma Linda University
Adventist Ur tilth Sciences Center1
Page 2 of 3
Institutional Review Board
, ,
Subject initials
Approved^lO-Void After MM
Date
#Mkl_Cfeair
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The acute effects of nut ingestion on plasma levels of nutrients, polyphenols and biomarkers of
antioxidant status - informed Consent
Informed Consent Statement
I have read the contents of this consent form and have listened to the verbal explanation given by
the investigators. 1 understand the commitment required, also the potential risks and benefits.
My questions concerning this study have been answered to my satisfaction. 1 hereby give
voluntary consent to participate in this study. I may call Ella Haddad at 909-558-4598 if 1 have
additional questions or concerns. I have been given a copy of this consent form.

Signature of Subject

Date

Witness

I HAVE REVIEWED THE CONTENTS OF THIS FORM WITH THE PERSON SIGNING
ABOVE, 1 HAVE EXPLAINED POTENTIAL RISK AND BENEFITS OF THE STUDY.

Signature of Investigator

Date

Page 3 of 3
Subject initials____
Date
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APPENDIX C: STUDY FLYER

Volunteers Needed for Research on Nuts
Title: The acute effects of nut ingestion on plasma levels of
nutrients, polyphenols and biomarkers of antioxidant status.

Nuts. So Good. So Good For You.
Be part of an important nutrition research
study. Your participation involves attendance at
3 clinic session over a period of 2 months.
A cash incentive is available.
The purposes of this research study are:
& Evaluate the effect of eating nuts on the body's
antioxidant status
•it Evaluate the bioavailability of nut polyphenols

For More Details, please e-mail or call
Chatrapa Hudthagosol at chudthagosol@llu.edu
(909) 558-4000x47171 or
Dr. Haddad at ehaddad@llu.edu (9091 558-4000 x 47150
Loma Linda University
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APPENDIX D: APPLICATION FORM- PECAN STUDY

APPLICATION FORM
Pecans Study
Thank you for your interest in participation in the Pecans study. Please read the brief description
of some of the study requirements given below to determine if you qualify!

Description
Your participation in three clinics session is required. The clinics will be held in Nichol Hall
Room A101 on four separate occasions within a period of 1 month. During the clinic session,
you will be expected to cat special meals prepared by the researchers, and to provide blood and
urine specimens. Each of the clinic sessions will be 3 days begins on either Monday or Tuesday
and end on cither Wednesday or Thursday after breakfast. On the first day. you will report to
Nichol Hall Room A101 for breakfast, lunch and dinner. All of your meals will be provided by
researchers and you will eat or drink nothing other than the meals and snacks provided. On the
second day, you will report to Nichol Hall Room A101 at 7:00 am having had nothing to eat or
drink after awakening except for water, at the time, a blood sample will be collected from you by
venipuncture and you will begin a 24- hour urine collection. Following the blood draw, you will
be provided with breakfast consisting of either a nut-containing smoothie or a smoothie without
nuts. Additional blood samples will be collected at 8:00 am, 9:00 am, 10:00 am and 12:00 pm,
after which you will be provided with lunch. The final blood draw for the day will be at 3:00 pm
and supper wall be provided at 5:00 pm. On the third, you will again report to Nichol Hall Room
A101 at 7:00 am with your 24- hour urine collection, at which time a blood sample will be
collected and breakfast provided. Approximately 20 ml or 1 1/3 tablespoons of blood wall be
collected at each blood draw'.
The meals provided during the clinic sessions may contain the following foods: pecans, walnuts,
milk, nonfat milk powder, cream, cottage cheese, white cheese, egg white, white rice, w'hite
bread, chicken (white meal), sugar and refined vegetable oil. On the first and the second day of
each clinic session, you will not be given or allowed to eat fruits, vegetables, fruit or vegetable
juice, w'hole grains, cooked dried beans or lentils, chocolate, coffee, tea. red wine, or nut other
than what is in the test meal.
If you are still interested please fill out the application below. If you qualify, w'e w ill invite you
to attend the group session on Monday April 14,2008 to give you a detailed description of the
study protocol and to answer all your questions.
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APPENDIX E: STUDY QUESTIONNAIRE
Application Questions
Thank you for taking the time to complete this application. After reading each question carefully,
please either fill out or place a check in the appropriate box.
**Pleasc be aware that all information obtained from this questionnaire is confidential.**
Name:
Name

Middle Initial

Address:
Zip

City

Phones:
I lome

Mobile

Work

Which number should we try 1st, 2nd. 3rd?
Home

What hours we can reach you at work?
Email address:
How often do you check this account?
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Work

Mobile

2. What is your gender?

1. What is your age?
3. What is your height?
Circle one

Q Male

I 1 Female

4. What is your weight?
Inches or ems

Circle one

5. Have you experienced any weight changes in the last year?
Q No
Q Yes
Number of pounds gained

pounds or kgs

or lost

Over what period of time was the weight gained or lost?
6. Do you currently have any medical problems? ( Ex: Diabetes. Cancer. Heart disease. Blood
pressure)
(I Yes
Please specify
□ No
7. Do you currently take any medications (prescription, over the counter)?
I 1 No
O Yes List all over the counter and prescription medications taken last month

8. Do you currently take any vitamins or supplements?
□ No
O Yes List all vitamins and supplements taken last month

9. Do you smoke or use tobacco products?
1 | No
O Yes Please specify amount smoked and or type of tobacco used.

10. How often do you drink tea or coffee?
I I Never
I I Occasionally
I I A few times per week
□ Daily
11. What is your dietary pattern?
I I Omnivore
j I Lacto-ovo Vegetarian
□ Vegan
I I Other Please specify _________
12. How often do you drink alcohol (beer. wine, liquor)?
I I Never
I I Occasionally
I | A few times per week
I 1 Daily
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13. How often do you eat nuts?
I I Never
I I Occasionally
I I A few times per week
FI Daily
14. How often do you engage in regular vigorous activities (brisk walking, jogging, bicycling,
etc.) to work up a sweat?
I I Never
I I Occasionally
1 I A few times per week

I 1 Daily
15. If you have had recent blood cholesterol or blood sugar levels taken, please list values here.
Total cholesterol
Triglyceride

mg/d I
mg/d I

LDL
Glucose

16. How did you find out about the study?
□ Newspaper
I 1 Trading Post
FI Flyer
I I E-mail or Internet
I | Other Please specify _________
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